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ALICYCLIC STUDIES—X" 


THE BICYCLO4S ))-2-L NDECANONES 


Abstract 


2:4-dinitro- 


the conditior 
phenylhydrazone, but it can isomerised ne Ur ee y treatment with 


sodium metho rh ketone aflord lifferent set of derivatives from that 


eiven by its cis isome! 


It is important to note that the same alcohol results on catalytic reduction of 


benzosuberone and benzosuberol, thus ruling out any possibility of a mechanism of 
1:4-reduction in the case of the ketone 
* Part IX J. ¢ 

! Presented at XIV I $ oO nationa n of Pure and Applied Chemistry, Zurich, 
July 1955. Abstr 49 

2 £. L. Eliel and C. Pillar J. Amer. Chem. Soc. 77, 3600, who also gives leading references (footnote 3) 
(1955) 

3 W. Hiickel and E. Brinkmann Annalen 441, 21 (1925) 

‘pl A. Plattner Helv. Chim. Acta 27, 801 (1944) 
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Davip GrnssurRG and Wa J. ROSENFELDER 


Dehydrogenation experiments were carried out both with the cis- and trans- 
bicyclo-(5:4:0)-2-undecanones. Thus, when the cis-ketone was treated with | mole of 
selenium dioxide, a monoenone, formulated as (II]), was obtained. When the latter 
was treated with | mole of N-bromosuccinimide followed by dehydrobromination 


or when the cis-ketone was treated with two moles of selenium dioxide, the same 
product, a dienone, formulated as (IV), was obtained. Further treatment of the 
dienone with N-bromosuccinimide had no effect 


Clearly the molecular shape of the cis-ketone does not permit atti ck of any of the 


above reagents at the ring junction: even after two double bonds had been introduced, 
the driving force of potential formation of a tropone derivative is not sufficient to 
counteract this geometr 

In the case of selenium dioxide (2 


introduces on junction 


succinimide 
(VI) or (VID) 


OT 


EXPERIMENTAI 


mn nay 


I itromethane 
during the 


actions which boiled in the 


1-SO82. p-Nitrobenzoates 


om m 
I ng-point on admixture. No separation 


chlorof 1 no depression 1n 1 
could therefore be accomplished between the possible axial and equatorial alcohols, 
and it appears tha was formed in the hydrogenation 


cis- Bic Ve la-t5:4 0)-2 unde canone 

cis-Bicyclo-(5:4:0)-2-undecanol (100 g) was dissolved in acetic acid (A.R.; 200 ml), 
cooled in an ice-bath and a solution of chromic acid (A.R.: 44g; 1I-! mole) in water 
th cooling and 


(20 ml), and acetic acid (100 ml) was added over a period of | hr wv 
The mixture was allowed to stand overnight at room temperature, and 


stirring 
° Melting and boiling points are uncorrected 


*R. ¢. Gilmore jr. and W. J. Horton J. Amer. Chem. Soc. 73, 1413 (1951) 


| 


i, 7 
7 
re 
Of both rings. Here 
es no similar hindrance exists, and the first step is probably hydroxylation at the tertiary oon. te 
ring junction « to the carbonyl group and ready trans elimination of wate! is possible 
with the formation of (\ Treatment of this product with N-b | 
ri: followed by dehydrobron tion leads to a cross-co rated dienone 2 ee 
(See experimental section for spectroscop! ita upon which the rmuiatians are 
based.) 
cis-Bic\ -(5:4:0)-2-u a 
= 
woe Benzosuberone’ (10 g) in etl etate (100 ml) \ drogenated in the presence —_— - 
Infra-re ibsorpuion CCI,) 3610 ¢ (OH) Ultra-violet ab rplic none 
(Found ( H ( H © requires SS: { } 
The tot PUTER Ci “ils bok ( CLnanotl- 
chlo (roune ( H N, + } ( H NO requires 0 Ls H >, 
N, ) 
a Careful fractionation of 50 ¢g of the alcohol at 20 mm using a 25-plate columsmmmmwe 
distillation. The distillate was then divided into twelve [i i 
ol the first and last of these fraction | 
j 
wee 
bo 
ee 


The bicyclo-(5:4:0)-2-undecanones 


methanol (5 ml) was added. After careful neutralisation with solid sodium bicarbonate, 
water was added and the solution was extracted with ether. After working up in the 
usual way, distillation afforded a forerun, b.p. below 78°/1 mm (3 g); and the ketone, 
b.p. 78-82°/1 mm (79 g), and a further quantity of the ketone, b.p. 82-90°/1 mm (17 g). 
The middle fraction was cooled in an alcohol—dry-ice bath, and two-thirds of the 
solidified product was allowed to melt and the liquid portion was decanted. The 
residue was allowed to melt and was refrozen. When two-thirds had again melted, 
the liquid was decanted and the residue which is pure cis-ketone had ny” 1-4930; 
d,™ 0-9982 (Found: C, 79-9; H, 11-3. C,,H,sO requires C, 79-5; H, 10-9°%). 

The orange 2:4-dinitrophenylhydrazone was prepared at room temperature and 
was recrystallised six times, from cold methanol-chloroform, m.p. 145-146" (Found: 
C, 59-3; H, 6°5; N, 16:3. C,,H.»N,O, requires C, 58-9; H, 6-4; N, 162%). 

The oxime formed colourless needles, m.p. 100-101" (from methanol) (Found: 
C, 72°8; H, 10-8; N, 7:2. C,,H,gNO requires C, 72-9; H, 10°6; N, 7-7%) 

The semicarbazone formed colourless crystals, m.p. 201-202" (from ethanol- 
chloroform) (Found: C, 65-0; H, 9-8; N, 18-6. C,,H,,N,O requires C, 64-5; H, 9-5; 
N. 18-8 ) 


trans-Bicyclo-(5:4:0)-2-undecanone 

rhe isomerisation was carried out by dissolving cis-ketone (30 g) in a solution 
of methanol (100 ml) containing sodium methoxide (0°5 g). The solution was heated 
under reflux for 30 min, concentrated in vacuo to a volume of 50 ml, and poured into 


water. The mixture was neutralised with dilute hydrochloric acid and extracted with 


ether After working up in the usual way, distillation afforded the trans-ketone, 


72-74° /0-5 


b.p. 72-74 mm (27 g) 


rhe product was recrystallised twice by freezing as described for the cis-isomer, 
and had ny” 1-4906, d,” 0-9856 (Found: C, 79-5; H, 11:3. C,,H,,O requires C, 79-5; 
H, 10-9°%) 

Che orange 2:4-dinitrophenylhydrazone, m.p. 173-174 (from methanol-chloroform) 
(Found: C, 58-8; H, 6°8; N, 16-1. C,,H. .N,O, requires C, 58-9; H, 6-4; N, 162%) 

[he oxime formed colourless needles, m.p. 128-129" (from methanol) (Found: 
C, 73-0; H, 10-3; N, 7-7. C,,H,gNO requires C, 72-9; H, 10-6; N, 

The semicarbazone formed colourless crystals, m.p. 213-214 (from ethanol- 
chloroform) (Found: C, 65-0; H, 9-6; N, 19-1. C,.H,,N,O requires C, 64-5; H, 9-5; 
N, 188%). 

Refluxing the trans-ketone in methanol containing a trace of sodium methoxide 


for longer periods of time (2-3 hr) has no effect and no dimerisation takes place 


during this period 


Benz) lidene derivative of the trans-ketone 


trans-ketone (2 g) and freshly distilled benzaldehyde were dissolved in methanol 
(20 ml), sodium methoxide (0-5 g) added, and the mixture was allowed to stand for 
2 days in a stoppered flask at room temperature. Water was added until the solution 
just assumed turbidity, and the mixture was left standing overnight. The precipitate 
was removed by filtration and was recrystallised four times from methanol, giving 
long needles, m.p. 133-134" (Found: C, 79-6; H, 8°9. C,,H,.O*H,O requires C, 79-4; 
H, 8-9°%). 
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Sodium-alcohol reduction of trans-ketone 


The trans-ketone (10 g) was dissolved in n-propanol (200 ml), | 


heated to reflux and sodium (20 7°) was added in small pieces over 


The solution was refluxed for an additional hour to ensu 


After 


distilla and redis 


sodium working usual way, tion 


(equatorial 
H. 11-6. C,,H..O requires C, 


corour;©iess 


N,4 


the o-(5:4:0) 


}. b Pp 


SOLULIOT 
washed 


listillation 


140 


ana 


40 m 


sodiu 

distilled 130 
In ordet 

acid (A.R.; 501 and chron in 


im bath for 


acetic acid ( 


hr an 


tne ste; 
ira 


carefully fractionated 


added The solution was warmed on 


and separated into acidic al! neutral tions. The neutral fr 
105-115 /24 
(1 g); fraction of trans-bicyclo-(5:4:0)-undecane, 
third fraction, b.p. 109-114°/24mm (2 g) The 
1-4836; 0-9140 (Found: C, 86°9; H, 13°4. 


re cis-hydrocarbon a.” 00-9014: 


mm and was then forerun, b p 


main b p 


main fraction 
requires 


Plattner’ reported for tl b p RRS 


1-4845 


he product was ad 


he solution was 


i period of 2 hr 


e complete dissolution of the 


llation afforded 
114 


) 


3mm 


chlorotorm- 


H 


with 


to boiling 


ly added 


11CU 


with 
2:4- 
ketone 
neutralised with 
hydroxide. the 
were combined, 
over anhydrous 
the residue was 
ssolved in acetic 
10 ml) was 
was worked up 
tion distilled at 
108°/24 mm 
9°/24 mm (9 g); 
ad 1-4816: 
86°8: H, 13-2 


mm; 


105 


ny 


+ 
7 
‘ 
6 
= 
ny” 15002 (Found: C, 78-2; 
The p-nitrobenzoate formed stals, m.p. 89-90° (from 
methanol) (Found: C, 68-7; H, 8-1; C,,H,,NO, requires C, 68-1; 
. 
oh The trans-ketone was hydrogenated in ethanol solution in the presence of Adams 4 
Caualys OOT «i | ‘ AIter co ) of hydrogen 
in hi vacuum, b.p. 83-84 °/0°4 m1 1-495 It was character 1 as the p-vitro- 
On ad ture th tl trove oate of the col resulting from sodium-alcohol 
oa to 69 Ihe ak | obtained by catalytic reduction is presumably the «-(axial) i ee 
In a I-litre 1 ee-necK iS} ttea will is-iniet tube, and renux 
and concentrates drox c acid (100 ml). The ure was heated 
stiri and a soluti trans 5 g) (50 ml) was slow 
4 
" After 2. 6, 8, 12, 15, 18. and 20 hr the stu 1 | mixture W 
hydrogen chloride. All th n id dissolved, bu ixture O1 
dinitropher ydrazine s cont ketone. More amalgamate 
added, am e sol vas agi urated WI drogen chk 
el remained at the ¢ of 30 of heat ( 
i, The toluene layer was separated. The aqueous layer was almos 
a Caro ‘ i Lalit UA tcl AC | 7in 
I 
Was Wi tne einer and toluene 
“< vith dilute hydrochloric acid and with water, and drie ie ; 
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Hydrogenation of benzosuberol with ruthenium dioxide 

Crystalline benzosuberol (5 g) was dissolved in ethyl acetate (40 ml) and hydro- 
genated in the presence of ruthenium dioxide (0-3 g) at an initial pressure of 930 Ib/sq. 
in. at 80°. After 3 hr hydrogen uptake was complete and corresponded to 3 moles 


of hydrogen. After filtration of the catalyst and removal of the solvent, the alcohol 
was characterised as the p-nitrobenzoate, m.p and mixed m.p. with the corresponding 


derivative obtained by catalytic reduction of benzosuberone (see above), 123-124". 


Oxidation of benzosuberol with pyridine-chromic acid complex 


Benzosuberol (300 mg) in pyridine (3 ml) was added to chromic anhydride (300 mg) 


in pyridine (10 ml), and the mixture was allowed to stand overnight. After working 
up in the usual manner, the benzosuberone was characterized as its orange 2:4- 
dinitrophenylhydrazone, m.p. 213-214° (from chloroform-methanol), undepressed on 
admixture with an authentic sample. Ultra-violet absorption (chloroform): | 


3750 A: ¢ 28.700 (Found: C, 59-8: H, 4-9; N, 16°8. C,-H,,N,O, requires C, 60-0; 
H, 4:7; N, 16 


Benzosuberone dioxolane 


[he substance was prepared in 85%, yield by azeotropic distillation of a mixture 
of benzosuberone, ethylene glycol, and toluene in the presence of a trace ol p-toluene- 
sulphonic acid a id working up in the usual wa‘ It had m.p. 60—62° (from benzene) 


(Found: C, 76-5; H, 7-9. C,,.H,O, requires C, 76°4; H, 


«f 
periments "Q)-2-undecano 


(a) A mixture of the trans-ketone (10 g) acetic anhydride (80 ml) and hydrated 
selenium dioxide (20 ¢) was heated under reflux for 3 hi After the usual workup 
the «.f-ethvlenic ketone(V), b.p. 128—132°/20 mm was obtained and characterised as 
the red 2:4-diniti ienyvlhydrazone, flat needles, m.p. 1/0 171° (from ethyl acetate- 
ethanol). Ultra-violet absorption (chloroform): / 3690 A; 24,100 (Found 
N, 16-4. C,,H,,O,N, requires N, 164%). (b) The above product (3-2 was refluxed 
for 2 hr with N-bromosuccinimide (3 g; 1 mole) in dry carbon tetrachloride (25 ml) 
After the usual workup the residue was treated with lutidine to effect dehydrobromina- 

: won and the d ul -unsaturated ketone( V1) o1 (VIL) was distilled, b p 160 162 30 mm 
ny” 1-5083. Ultra-violet absorption (chloroform): Zmax 2380 A; 3320. Infra- 
red absorption (chloroform): 1692 cm-!: 1615 cm. It was characterized as the 


dark red 2:4-dinitrophenylhydrazone, needles, m.p. 191-192° (from chloroform- 
ethanol). Ultra-violet absorption (chloroform): A,,,x 3760 A; &,.. 27,400 (Found: 
N, 16°3. C,,;H,,<O,N, requires N, 164%). The semicarbazone formed colourless 
crystals, m.p. 205-206° (from methanol). Ultra-violet absorption (EtOH): Anax 


2310 A; 


10,500. 


na 


Dehydrogenation experiments with cis-bicyclo-(5:4:0)-2-undecanol 

(a) The cis-ketone was treated with | mole selenium dioxide, as described above 
for the trans-ketone. The «,f-ethylenic ketone(Ill) had b.p. 136-139°/20 mm, 
1-4916. Ultra-violet absorption (EtOH): 2410 A; 9100. Infra-red 
absorption (CCI,): 1697 cm™; 1620 cm™. 
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colourless crystals, m.p. 190 (from methanol) 


11.150 (Found: C, 65-0; H, 94; N, 19-0 


m.p. 177-17 from chloroform 


ircater 


met lV) 


4 
wars, Ultra-violet absorptio DOA: 
a ON, requires C, 65 H, N, 19-0") 
we 
methanol). Ultra-violet absorption (chloroform) 
(Found: N, 163. C,.H,,O,N, requires N, 16°4°,). (b) The cis-ketone was 

\ 100 d: C, 59-6; H, 58; N 

ae 
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10 Yaacov Asa and Davin 
obtains in the seven-membered ring homologue (see below). Complete debenzylation 
can be effected by emplovi ¢ acidic reagent at clevated temperature. Decarboxy- 


4 


VA 


fry 1) 
4 
od m | ed 
spec l nt CLO ay 
formed monic ac ind this upon 


decart ylation aff the ictone (V1). Since the employment of hy wen bromide 


m giac icetic acid beca the ethod of choice for debenzylation, the structures of 
the lac cr est ed 

Polyt sphoric acid converted frans-2-benzylcyclopentylacetic acid into trans 
oxo-1:2:3:4:7:8:9:10-octahydro-5:6-benzazulene in quantitative yield.’ Sodium boro- 
hydride reduction afforded the corresponding alcohol,’ and dehydration of the 


latter gave trans-1:2:3:4:9:10-hexahydrobenzazulene (XI) 


J. W. Cook, N. A. MoGins ind S. Mitche J. Chem. S 286 (1944). See also s 
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Attempted syntheses of 5:6-benzazulene and benzheptalenes 


Rather than employing a high-temperature dehydrogenation method, stepwise 
bromination-dehvdrobromination of this olefin was attempted. It soon became clear, 
however. that even when only one mole of N-bromosuccinimide is used, completely 
dehydroger jucts are obtained. After this bromination chromatography on 


alumina pe ed recovery of the major portion of the starting material (XI) and 
solation an romo-ac ative ang two Of 5:6-DdDenZ - 
-p pounc ind a vgreen-violet tetrabromo-derivative 


lene a Geel 


On tl 


is tent 


gously COn\ 


benzheptalene( XII) 


verted 


adove 


nt I tereocnemiIstry Ketone and tl product 


pi c- 


Still maimtain a ere 


pared by G he e bot! s. but t e different semicarbazones (see experi- 
mental sectior Csustsci isomer must thereiore be the « compound 
Bromination of XII under various reaction conditions, foll ywwed by dehydro- 
bromination. led to an intractable mixture of bromo-derivatives This method was 
therefore abandoned in the attempt to obtain 1:2- and 2:3-ber zheptalene. Other 
methods to effect the synthesis of these as yet unknown compounds, are under 


investigavion 


Bromination ol 
(XIV) with one mole of N-bromosuccinimide followed by dehydrobromination, 
which is formulated 


afforded a ketone (XV) in addition to recovered starting material, 


as a tropone even though it forms a 2 4-dinitrophenylhydrazone. A study of models 


dimer. Chem. So 75, 4980 (1953). 


® A. G. Anderson Jr., J. A. Nelson, and J.J. Tazuma J 
* D. Ginsburg and R Pappo J, Chem, So 938 (1951) 
1 C P. Gutsche J. Amer. Chem. Soc. 70, 4150 (1948) 
11C, D. Gutsche J. Amer. Chem. Soc. 73, 786 (1951) 
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converted to the corresponding olefin, 
Furthermore, acid” was con- 
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2 gum by the Arndt-Eistert procedure to the correspon keto-propionic acid and a 
small qui yoru eacted iC il Wi en ed irea l 
ete : titat | 1 : 
rie drous hydro fluoride The substituted acetic acid 1s quantit ery CYCLISC?< to vield 
a neutral ACLOTIC whereas the Keto nic acid 18s una reavent The 
keto-propio! i cid Ss tnen c¢ sed DY mean of polyphosp ric acl to give 
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2 Yaacov Amiet and Davip GInsBuRG 
shows that XV cannot be coplanar, so that the formation of this derivative is another 


case in which a tropone gives a ketonic derivative. The ultra-violet absorption supports 
this formulation and is analogous to spectral data obtained in related systems.” 


XIV XV 


EXPERIMENTAL* 


1-Benzo\ Icyclopentene was prepared by the published procedure,’ 


b.p 117 


125°/1 mm 


Michael condensation with dibenzyl malonate was carried out as ported,” using 
l-benzovicyclopentene (58 g), dibenzyl malonate (116 and potassium fert.-butoxide 
21-Sml)]. After 3! 


{from potassium (1°35 g) and fert.-butanol | 


ir at 60 with occasional 


shaking and standing overnight at room temperature, acetic acid (3 ml) and ethyl 

acetate (480 ml) were added. Apparently because of traces of sulphur compounds 

from the preparation of the acceptor, the mixture must be refluxed for 4 hr over Raney 
nickel (20-30 ¢). After filtration, hydrogenolysis is effected. using palladised charcoal 

(10°; 10-6 g) at an initial pressure of 60 Ib/sq. in. and 55°. When 2 moles of hydro 

gen had been absorbed, the catalyst was removed by filtration and the solution 

extracted with 10 aqueous sodium carbonate. After the usual workup.’ benzoy/ : 
cyclopentane (35 2) formed by reduction of unreacted starting material. b p. 92-97 

mm:"* n,*° 1-5426" and acid (c. 40 2). m p 
144-145° (from carbon tetrachloride), were obtained, Lit. m p. 144-145 The acidic 

fraction also contains the half benzyl ester of the malonic acid (c. 17 g) 


Since reduction of |-benzoylcyclopentene, at the expense of hydrogenolysis of the 
benzyloxy groups, could not be avoided, this method of debenzylation was abandoned 
in favour of hydrogen bromide in glacial acetic acid.*: 

For the scale described above, a solution of hydrogen bromide in acetic acid 
(33° 300 ml) is added to the reaction mixture. After standing overnight at room 
temperature, only one benzyl group is removed, since decarboxylation of the acidic 
>} 


material thus obtained affords trans-benzy/ 2-henzoy/cyclopentyl aceta/e identical with 


material described below. However, refluxing the mixture for 4 hr affords the free 
malonic acid. By this method. of course, unreacted |-benzoylcyclopentene can be 
recovered 

Decarboxylation of hydrogenolvysis product was effected by heating at 180-190 
for 20 min. The trans-2-henzoy/lcyclopentylacetic acid had b p. 133-1 0-5 mm and 
formed colourless plates, m.p. 66-67 (from carbon tetrachloride) (Found: C, 
72-09; H, 7:17. requires C, 72:39; H, 694°). Infra-red absorption (chloro- 
form): 1677 cm~ (acetophenone type C=O); 1711 cm™' (C=O of saturated acid). 

* M.p.’s. and b.p.’s are uncorrected 

12 |), Ginsburg and W. J. Rosenfelder Tetrahedron 1, (1957) 
“™ R. C. Fuson, R. Johnson, and W. Cole J. Amer. Chem. Soc. 6@. 1594 (1938) 
“DPD. Y. Curtin and S. Schmukler J. Amer. Chem. Soc. 77, 1105 (1955) 


% F. S. Bridson-Jones and G. D. Buckley J. Chem. Soc. 3015 (1951) 
sy Klibansky and D. Ginsburg J. Chem. Soc. 1293 (1957) 
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Attempted syntheses of 5:6-benzazulene and benzheptalenes 13 


In addition a neutral product was obtained by decarboxylation of the half ester 
trans-benzyl 2-benzoylcyclopentyl acetate, b.p. 190-200°/1-4 mm (Found: C, 73-50; 
H, 7-90. C,,H requires C, 73-82; H, Infra-red absorption (chloroform): 
1677 cm~' (weak band, acetophenone C=O); 1731 cm~ (C=O of saturated ester); 
1170, 1160 cm~' (pseudo-ester in ether region). 

The ester gave a yellow-orange 2:4-dinitrophenylhydrazone, m.p. 124-125° (from 
ethanol) (Found: C, 64-70; H, 496; N, 11-09. C,,H,g,0,N, requires C, 64-53; 
H, 5°22; N, 11-15%). 

Refluxing the ester (3 g) with ethanolic (30 ml) potassium hydroxide (10 g) for 2 hr 
affords the acetic acid (2:1 g), m.p. 66-67". The overall yield of the acetic acid from 


the Michael condensation is therefore 52°. 


6-Lactone (V1) 


On occasion, decarboxylation of the acidic product of hydrogenolysis afforded a 
neutral compound which formed colourless leaves, m.p. 109° (from ether). It gave no 
ketonic derivatives Infra-red absorption (chloroform): 1746 cm! (6-lactone) 
(Found: C, 77:58; H, 7:46. C,,H,,Q, requires C, 77-75; H, 7-42%). The compound 
was soluble in 10%, sodium hydroxide solution after 30 min boiling, but was recovered 


unchanged upon acidification of the alkaline solution 


Diol 


\ mixture of the 0-lactone (1 g), lithium aluminium hydride (200 mg), and dry 


+ 


ther (200 ml) was heated on the steam bath for 2 hr. After the usual workup, using 


alkali to decompose the reaction mixture, evaporation of the ether afforded glistening 
colourless leaves of the dio/, m.p. 120° (from ethe (Found: C, 76°12: H, 9-20: 
Zerewitinoff, 1°97. requires C, 76°32; H, Zerewitinoff, 2-0) 


Sodium borohydride reduction of trans-2-benzoylc\ 


Sodium borohydride (0-5 g) was added portionwise to a solution of the keto-acid 
(0-5 g) in methanol (10 ml) and the mixture was permitted to stand overnight. After 
the usual workup, the hydroxy-acid (V) was obtained, m.p from carbon 
tetrachloride) (Found: C, 71-78; H, 7-80; Zerewitinoff, 2-01 , requires C, 
71-77; H, 7-74 Zerewitinoff, 2-0). The same hydroxy-acid was obtained by reduction 
of the keto-benzyl ester with sodium borohydride. The hydroxy-ester thus obtained 
exhibited bands at 1731 cm~'! (C=O of saturated ester) and 3460 cm~! (secondary OH) 
in its infra-red spectrum. Alkaline hydrolysis afforded the hydroxy-acid described 


above 


y-Lactone (VIII) 


(a) The above hydroxy-acid was refluxed in toluene in the presence of naphthalene- 
B-sulphonic acid; the theoretical quantity of water expected was collected in an 


azeotropic collector. After removal of the catalyst and solvent, the y-/actone was 


obtained as a colourless oil which showed a band at 1765 cm~ (y-/actone) in its infra- 
red spectrum. (b) A product completely identical in infra-red spectrum with that 
obtained above was formed by heating the hydroxy-acid on the steam bath with 50% 


‘ 
| 
J 
acid 
: 
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sulphuric acid for | hr. (c) The 6-lactone (50 mg) was refluxed with sulphuric acid 
(50°: 1 ml) in acetic acid (3 ml) for 48 hr. After dilution with water and ether 
extraction, drying (sodium sulphate), and remove! of the ether, the colourless y-/actone 
was obtained, again identical in infra-red spectrum with the products described in 


(a) or (b) above 


trans-2-Benzvik Ve lope lace fic acid 

2-Benzoylcyclopentylacetic acid (25 g) was reduced by the Huang-Minlon 
procedure.’ using potassium hydroxide (20-4 2), hydrazine hydrate (85°,; ml) 


Che acid product (22-3 g; 95°.) had b.p. 160—166°/0°5 mm, m.p. 


§3-54° (from light petroleum) (Found: C, 77-33; H, & 53. C,,H,O, requires 


C, 77-03; H, 8-31°%) 


trans 10-o« S:-6-henz ‘ 

(a) Intramolecular fi Craf 2-B icyclopenty! tic acid (7°6 g) 
was converted » its acid chloride in the 1a iy by u rthiony oride (15 ml) 
in « enzene (40 ) \ fl ‘for 4 e exce thio ride and the 
b ene were removed € ¢ » The ac ride \ lissolved in dry 
Cu ) ariuiphk 4) )}and alt cn 4-/5 Was ac ded 
no nwise with co he mixture was the efluxed f 2 | nd allowed to 

ua ine u il work cid (2-9 ed and 
the ne trac ed Ihe de ed d b.p. 120-123°/0°3 mm 
4:59:65°,) pontancous! erd p.56 ym methanol) 
p. Sf | d absorption (chk ) 675 « (¢ Ultra-violet 

/ 9450. A 6300 {) 

)-4 fy hydrazone formed orat rhombic plates, m.p. 194-196 
from ethanol-ethyl acetate): Lit. m.p. 184—-185°, 169-170°, respectively (Found 
( 3-50: H, 5-32. Cale. for C.gH.,»O,N,: C, 63-15; H, 5-30%,). Ultra-violet absorp- 
1401) \ Ww) 

The me was prepared by the pyridine method, m.p. 153-5-154-5° (from methanol) 


requires N, 16°33°4). Ultra-violet absorption: / 2550 A: 9250 
(b) P } } a clisation. A mixture of the acid (4 ¢) and polyphosphoric 
acid (80 2: Victor Chemical Co.) was heated on the steam bath with vigorous 
meci cai su | Z] After cooli al pou on ice, tine inic material 
Was Wit C SOLULIONL Was Cu SOU \ Lo 
re uncyclised acid (U'l Re ) | of the Cl afforded the etone, identical 
with that described in (a) (3°85 96°.) 


The above ketone (10 g) was reduced in the usual way with sodium borohydride 


(7-5 ¢) in methanol (125 ml). The alcohol, m.p 128° (from light petroleum) was 
obtained in quantitative yield; Lit. m.p. 128 * Infra-red absorption (chloroform) 


3460 cm™'! (secondary OH) 


1? Huane-Minlon J. Amer. Chem. S 68. 2487 (1946) 


= ~ 
a 
ert 
4 
— 
Ree 
4 
‘ 
(Found: C, 78-38: H, 8-34; N, 6°37. C,,H,.ON requires C, 78-10; H N, 651°) 
7, ne had m.p. 210-211 (from ethar \(Found: N. 16°30. H ON, 
> 
: 
J 


Attempted syntheses of 5:6-benzazulene and benzheptalenes 


trans-1:2:3:4:9:10-Hexahydro-5:6-benzazulene 

A mixture of the above alcohol (5 g), dry toluene (100 ml), and naphthalene-/- 
sulphonic acid monohydrate (0-5 g) was refluxed. The theoretical amount of water 
expected (0-45 ml) was obtained in the azeotropic collector during | hr. After the 


usual workup, t! 
29-35°. Ultra-violet absorption: 9600 A: 


max max 


e olefin is obtained, m.p. 33-35” (without recrystallisation). Lit.’ m.p. 
10.500. 


{romatization with N-bromosuccinimide 
A mixture of 1:2:3:4:9:10-hexahydro-5:6-benzazulene (4 g), dry carbon tetra- 
chloride (70 ml) and powdered N-bromosuccinimide (4-25 g; 1-1 mole) was refluxed 
for 2 hr. After cooling, the succinimide floating on top of the solvent was filtered and 
the solvent was removed from the filtrate at the water pump. Some hydrogen bromide 
evolution was observed, 2:6-lutidine (70 ml) was added to the residue, and the mixture 
was refluxed for 4 hr. Most of the solvent was removed at the water pump. Water was 
added to the residue and the mixture was extracted with ether. The ether extract was 
washed with dilute hydrochloric acid and the ether solution was dried (sodium 
sulphate) and the solvent was removed. The residue was practically all recovered 
starting material together with a small amount of highly-coloured material which 
could not be isolated 
rhe bromination was therefore repeated, but without the lutidine treatment. The 


bromination residue was taken up in light petroleum and chromatographed on alumina 


(Merck, acid-washed he first and major fraction obtained (3-8 ¢) was starting 
material. The second fraction was a hydro-5:6-benzazulene, m.p. 188-189° (from light 
petroleum), whose exact structure could not be determined because it was formed in 
very small quantity. Its ultra-violet absorption did not show more extended conjuga- 
tion than was present in the starting material. The third fraction was a colourless 
dibromohydro-5:6-benzazulene, m.p. 72° (from pentane) (Found: C, 48°89: H, 4-58: 
Br, 46°65. C,,H,,Br. requires C, 49°15; H, 4:12; Br, 46-73%) 

A deep-purple product (0-2 g) was then obtained in needles, m.p.> 360°; the com- 
pound decomposes during heating [his product was purified by formation of its 
complex with trinitrobenzene, m.p. 118 121°. Thecomplex decomposed on alumina and 
afforded long deep-purple needles (Found: C, 50°8; H, 2:3; Br, 48-7. C,,H,Br. 
requires C, 50-0; H, 2-4; Br, 47-6"). This product is formulated as 1(?):3( ?)-dibromo- 
5 :6-henzazulen Ultra-violet absorption: A/ 2580, 3080, 3620, 3800, 4000. 
SSSO A: , 25.850. 64.850. 6850. 7450. 7350. 1000 


he final product isolated (0-3 g) formed short green-violet needles, m.p. 224-226 
(from dioxane) is a tetrabromo-5:6-henzazulene (Found: C, 35-0; H, 1-4: Br, 63-5 
C,,H,Br, requires C, 34-0; H, 1:2; Br, 648°). Ultra-violet absorption: // 
50—3770. 3940. 4140-4150. 5050-5100. 5500. 5600. 


9540 3175—3240. 3570 3 


5750. 5850 A: 9? 000. 70.700. 5150. 6200. 5750. 4100. 575. 850. 825. 900. 875 
These values for the two bromo-compounds may be compared with those obtained 
for 5:6-benzazulene, the parent hydrocarbon whose ultra-violet absorption? follows: 
Zpimo-oetane 9500, 2800, 3530, 3700, 5500 5700. 5820 A: ee. 18.000. 56.000. 4000. 
2950, strong, strong. As expected, the bromo-derivatives exhibit a bathochromic 
shift in their spectra 

|-Benzoylcycloheptane was prepared by the published procedure,’ b.p. 155°/8 mm 


trans-2-Benzoylcycloheptylmatonic acid was prepared in exact analogy to the 
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cyclopentyl analogue described above, m.p. 169-170° (from carb« 
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lrogen bromide could be observed. After the usual workup, the 
was distilled, b.p. 130°/0-3 mm. The ultra-violet spectrum showed 


irting material, but the analysis showed the material contained c. 


matography of the product before or after dehydrobromination 


Use of excess NBS in brominations with the 
‘rial could be isolated, failed 


} -henzheptalene 


treated 

refluxed 

Was 

ition of the 

the solution 

was 1solated (9-9 g) 
ymplished by 


fluoride (c. 200 ml). The acetic 


dioxo0-6:6a:7:8:9:10:11:1 la-octa- 


106° (from light petroleum).* The 


is obtained as a viscous oil (6°7 g; 50%) 


1 light petroleum) (Found: 


mixture 
this was main)y 
permit isolation of pure m 
hat completely aro: iatised mate 
oe A mixture of t ketone (4-1 g), dry carbon tetrachloride (50 ml) and NBS (3-56 g; 
ee 1 mole) was refluxed. Reaction was complete afte ni Dehydrobromination was 
effected with C A fte usual \ d ia 1 aflorded the starting 
. material (3-3 2) and fraction ol a } ».p. 193°/0-3 mm (0°5 g). This crystallised 
atte ( iro! petroicum) Infra-red absorption ( worotorm) 
S78 en e (>) lltre absorptio 2300 3200. 
en \ | diy) The ket gave a 2 azone 
te icetate) (f d: C, 65°43: H, 4-74: N, 13 C,.o0H.,O,N, requires C, 65-40: 
H 4.95 | | le ii) ) \ 26 ) 
ire vas prepared by the published pro- 
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trans-3-Oxo-2-p/ ept roy Tale 
A mixture of the acetic acid (13 g), dry benzene (50 ml), and thionyl chloride (80 ; 
mi) elrige ed | +S nts were re ved 1 vacuum 
thionyl chlorid | rid then diss d in dry benze Oy ind dry 
(14-5 ¢) at 0 After e Si xcess of d ymethane were removed by 
ast lik if Wal hot ethanol 
port wise V ry ft precipitated sil ide (lO g). The 
for \ ile nit ) evolved a l added 
tinued for 15 mi l ixture W then cooled and filtered 
, ester thus obtained was effected by ad ‘potassium lroxide ( 
: and refluxing for 4 hi After the al workup, acidic materia 
sem illo witwec propionik and unreacted aceltk Cl 
treating the mixture of acids with anhydrous hydrocen 
acid was quantitatively cyclised and gave frans-5 ee 
hydro-SH-cyclohepta[a]naphthalene, m.p. 
é which crvstallised on standing, m.p. 116-118” (f1 
( +40: H, 7°50. C,~H.,O, requires ¢ 3-82; H, 7°74 
D. Ginsbur R. Pappo J. Chem. Soc. 1524 (195 
a 


18 Yaacov Amiet and Davin GInsBuRG 


trans-2-Phenylcycloheptylpropionic ac id 


As there was no possibility, in this case, of obtaining an enol 


treatment with thionyl chloride, the corresponding acetic acid wa 


acid chloride by refluxing with thionyl chloride in dry benzene 


reaction and workup were carried out exactly as just described for 


this case. hvdrogen fluoride treatment caused conversion of unrea 


61°. whilst the propionic acid was unchanged in this treatment an 


a vellow o 5 5m yield) (Found: neut. equ 


requires 246). The 7» ster prepared by diazomethane esterif 


was an oil, b.p. 167°/2 mm 
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usual way. It was an oil, b.p. 190°/0-. Infra-rq 
zone, Which must therefore be the derivative of the 
The vellow-orange 2:4-dinitrophenylhydrazone had m.p. 209-21|° 
(Found: N, 13-40. C,.H,,O,N, requires N, 13-72%). 
The keto-propionic acid was converted into the by 
is. cyclisat of its acid « de in the usual way. T liketone was 0 ; 
ae which after purificat by chi raphy on alumina solidified upon refrigemm 
i but was liquid at room temperature (Found: ¢ 9-10; H 0. ©C,.H,.O, requires 
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Abstract—1trans-2-Benzylcyclohexylacetic acid was cyclised with polyphosphoric acid to give 


frans 2 -3-benzo-5 :6-cyclol exanocycloheptanone Reduction to the corresponding alcohol followed 


by dehydration and dehydrogenation afforded 2:3,6:7-dibenzocyclohepta-3 :4:6-triene, which was 


oxidized with selenium dioxide to 2:3,6:7-dibenzotropone 


THE reported preparation of trans-2-benzylcyclohexylacetic acid' has been improved 


experimentally, and cyclisation by means of polyphosphoric acid afforded a quanti- 


tative yield of trans-2:3-benzo-5:6-cyclohexanocycloheptanone (1) This ketone was 


reduced with sodium borohydride to the corresponding alcohol and the latter was 


dehydrated to the olefin (I1) by naphthalene-/-sulphonic acid. Dehydrogenation by 


2) 
Y” 


30 palladised ¢ harcoal in the absence of solvent afforded 2 3.6 7 dibenzocyclohepta- 


2:4:6-triene (Ila) identical with the Huang-Minlon reduction product of an authentic 


specimen of 2:3,6:7-dibenzotropone * Attempts by various investigators to oxidise the 


triene (IIla) to the ketone (IIIb) were unsuccessful.* Under various conditions (see 


experimental section), 9:10-anthraquinone is indeed obtained.* However, the oxida- 


tion to 2:3,6:7-dibenzotropone (IIIb) was effected in high yield through the use of 


freshly sublimed selenium dioxide in dry dioxane in a sealed tube at elevated 


temperatul e 


EXPERIMENTAI 


|-Benzoylcylclohexene was prepared by the published procedure tb p 147°/8 mm 


2-Benzoylcyclohexyimalonic acid was prepared by the published procedure, m.p 


190-191° (from carbon tetrachloride), as reported.’ Decarboxylation yielded a 


mixture of 2-benzoylcyclohexylacetic acid and its benzyl ester, which could be saponi- 


fied to the acid (total yield, 50°,). The acid had m.p. 103-104", as reported ! Infra-red 


absorption (chloroform) 1677 cm~' (acetophenone C=O); 1711 cm ! (C—O of 


saturated acid) 


* Part XI, Amiel and Ginsburg etrahedron 1 (1957) 


Melting points are uncorrected 


D. Ginsbure J. Chem. S 2361 (1954) 
? F. D. Bergemann and D. Ginsburg Bu Res. Council Israel 1, No. 3, 120 (1951) 
E. D. Bergmann ef a Bu Soc. Chim. France 18, 684 (1951) 


'W. Treibs and H. J. Klinkhammer Chem. Ber. 84, 671 (1951); 83, 367 (1950) 
FE. Christ and R. C. Fuson J. Amer. Chem. Soc. 59, 893 (1937) 
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2-Benzylcyclohexylacetic acid was prepared by Huang-Minlon reduction’ of the 
keto-acid (16 g), using potassium hydroxide (12-4 g), hydrazine (100",; 7°6 ml) in 


diethylene glycol (90 ml). The acid (15-1 g) had b.p. 158 163° /0-5 mm, m.p. 74-75 


(from light petroleum), as described previously.’ 


trans-2:3-Benzo-5 :6- oh vcloheptanon 


zvicyclohex wcetic acid (17-8 
(100 mi!) for 4 hi After 

pun iry carbon dl- 

ided portionwise 

cyclised acid 


x4 ) bp 


ind sodium 
t. the 
titative 


90 


eoretical 

tropic collector « ig After 
as an oil, b.p. 106-10 2 mm, which 

to form colourless needles, m.p (from methanol) 


00. C,.H 


14.500 


18 


requires C, 90-91; H. 9-09 ra-violet absorp- 


nepla-< 4:6-friene 


Refluxing the above olefin with an equal weight of 30 palladised charcoal in 


p-cymene for 6 hr under nitrogen afforded unreacted starting material 


Huang- Minion J. Amer. Chem. S 68, 2487 (1946) 
J. Colonge and J. Sibeud Compr. Rend. 234, $30 (1952) 


1 
(a) Intramolecular Friedel-Crafts cyclisation. 2-Be 
7) was refl xed with thio | chloride (45 al 
| of benzene and excess thionv! chloride at t! 
sulphide (100 ml). and a agrous alul lum chioride ( 
> hy the 
ind | the mixture was boiled for . 
al 13-2 
ot. (3-0 ¢) was recovered and the ketone was obtained by distillation ( ‘ 
142 mn | ira-red ibsorpuol orotorm) 16/1 cm (4 ltra- 
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C. 644 5-61: N, 14°13. C.,H..O,N, requires C, 63-94; H 2; N, 1421°4) 
Ult let absorptio / S/IOA 9,2 
vas formed in pyridine. m.p 43-5 144-5 (ftror net ol) 
(Found: C, 78-42: H & N, 6°12. C,,. H,gON requires C, 78-56; H, 8-35; N,6°11°,) 
j WS” (fro ol). Lit.' p. 2U5 Ultra- 
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3-24 9-32 | 
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7 j f ):4 
a [he above alcohol (8-24 ¢) was dehydrated by boiling in toluene (125 ml) in the 
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(Found: C, 90°54; H, 9 
tion: 7 2580 A 
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2:3,6:7- Dibenzocyclo 


An alicyclic synthesis of 2:3,6:7-dibenzotropone 21 


A mixture of the olefin (1-5 g) and palladised charcoal (30%; 1:5 g) was heated 
under nitrogen for 5 hr at 300-320". After cooling, benzene was added and the 
catalyst filtered. The catalyst was boiled several times with fresh portions of benzene, 
and filtered. The combined benzene extracts afforded after removal of the solvent, the 
cycloheptatriene (1:3 g), m.p. 130-131"; lit.* m.p. 130-131". An authentic specimen of 
this compound was prepared by Huang-Minlon reduction? of 2:3,6:7-dibenzotropone, 
which was available from another synthetic route.* The m.p. of the triene thus obtained 
(130-131°)was undepressed upon admixture with the above triene. Ultra-violet absorp- 
tion; 2530, 2860 A; 5400, 13,650. 


{ttempted oxidations of triene to 2:3,6:7-dibenzotropone 


(a) In analogy to fluorene oxidation,’ to a boiling solution of the triene (0-5 g) in 
glacial acetic acid (1-2 ml) was added dropwise a solution of sodium dichromate (1-7 g) 
in glacial acetic acid (2-5 ml) and water (0-6 ml). Refluxing was continued for 2 hr; 
the orange solution turned green. After pouring into ice-water (20 ml) the mixture was 
allowed to stand for 2 hr and was then filtered. The solid had m.p. 262-270", which 


was raised to 278° after recrystallisation from benzene. Sublimation afforded 9:10- 
anthraquinone, m.p. 283°, undepressed by an authentic specimen. 
Heating the above mixture on the steam bath for only 1 hr afforded the quinone, 


while allowing it to stand at room temperature for 24 hr gave unreacted starting 


material even when a little benzene was added to produce a completely homogeneous 
solution 


(b) Attempted oxidation in a two-phase acetic acid-benzene system* afforded 
unreacted starting material 


(c) A mixture of the triene (0-42 g), dry dioxane (7-5 ml), and selenous acid (0-33 g; 
1-1 mole) was refluxed for 36 hr. After removal of selenium by filtration (c. 20°/ of 


the theoretical amount), sulphur dioxide was bubbled through the filtrate; red 


colloidal selenium was obtained and was coagulated by boiling. After filtration and 
evaporation of the dioxane, the residue was chromatographed on alumina (light 
petroleum). The starting material was largely recovered and anthraquinone (12 mg) 


was again isolated. The use of freshly sublimed selenium dioxide or hig 


gher-boiling 
solvents such as xylene or aceuc anhydride did not lead to the desired product. 

2:3,6:7- Dibenzotropone was finally obtained by heating, in a sealed tube, a mixture 
of the triene (0-5 g), dry dioxane (10 ml), and freshly sublimed selenium dioxide at 160 
for 6 hr. After cooling, the black selenium was filtered (0-17 g; theory 0-21 g) and 
the dioxane was evaporated. The residue (0-55 g) had m.p. 88° after trituration with 
ether. It had m.p. 89° (from methanol), undepressed upon admixture with an authentic 
specimen, m.p. 89°. It gave an orange-red 2:4-dinitrophenylhydrazone, m.p. 258 
Lit.” m.p. 258 

[he same reaction mixture even after 48 hr boiling in an open vessel afforded 
mainly recovered starting material. 


E. H. Huntress, E. B. Hershberg and I. S. Cliff J. Amer. Chem. Soc. 53, 2720 (1931). 
* Y. Mazur, E. Koller, O. Jeger and L. Ruzicka He Chim. Acta 35, 181 (1952). 
E. D. Bergmann and D. Ginsburg Chem. and Ind. 45 (1954). 
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reaction sequence with Vic without isolation of intermediate bromo and iodo deriva- 
tives led directly to crystalline 8-isoprogesterone (VII). 

In order to prepare a similar isomer in the male sex hormone series, the above- 
described A'®-20-ketone V was converted into the oxime and subjected directly to 
Beckmann rearrangement.* The resulting 3/-hydroxy-8«-androstan-17-one (VIIla) 
was oxidized to 8x-androstane-3,17-dione (VIIIb), dibrominated (I1X),’ heated with 
sodium iodide® and reduced with chromous chloride to afford the desired A‘-8«- 
androstene-3,17-dione (X). In the natural (8/) series, At-androstene-3,17-dione can 
be reduced* by means of sodium borohydride in good yield directly to testosterone, 
and it is interesting to note that inversion at C-8 apparently changed the reactivity of 
the two carbonyl functions. Thus, sodium borohydride reduction of the 8x-isomer X 
led to a product which lacked ultra-violet absorption in the 240-my region (charac- 
teristic of the A‘-3-keto moiety) but still exhibited an infra-red band typical of a 


5-membered ketone Consequently, resort was taken to an alternate testosterone 


synthesis® which is predicated on the oxidizability of allylic alcohols, in contrast to 


saturated alcohols, by means of manganese dioxide. As was to be anticipated, treat- 


> 1 


ment of A'-8x-androstene-3,17-dione (X) with lithium aluminum hydride resulted in 
reduction of both carbonyl systems and oxidation of the total crude product (XI) with 
manganese dioxide afforded 8-isotestosterone (XII) 

As reported already in our preliminary communications,” both 8-isoprogesterone 
(VII) and 8-isotestosterone (XII) possess approximately one-tl » one-half the 
biological activity of the parent hormones It is interesting to note that the geometrical 
alteration accompanyin inversion ne ‘enter doe ne affect to a marked 
extent the hormonal potency but does affect in a very striking manner the rotatory 
dispersion." The latter results indicate 
assumed a boat conformation in these $-i/so steroids 
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benzene, was adsorbed on 750 ¢ of alumina and eluti vith hexane-benzene (1:1) 


and benzene afforded 24 ¢ of the A*-11-ketone (Ila), m.p. 2 22 An analytical 
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33-Acetoxy-22a,25a,5x,8-spirostan-|l-one (Illa). The catalytic hydrogenation of 


the unsaturated ketone Ia was carried out in ethyl acetate or ether solution at room 
temperature and c. 2 atm pressure for 30 hr. Recrystallization from methanol yielded 
dimorphic crystals of the saturated ketone, m.p. 236-239° and 248-252°, [z]p — 92°, 
§-80 and 5-88 

inal. Caled. for CogH,,O;: C, 73°69; H, 9-38. Found: C, 73-83; H, 9°50. 

The ketone did not form an oxime when heated under reflux for 16 hr in pyridine 
solution with hydroxylamine hydrochloride 

8-Isotigogenin acetate (1V). Into a solution of 800 mg of the 3/-acetoxy-11-ketone 


Ila and 1-2 ¢ of sodium in 50 c.c. of diethylene glycol (heated to 180°) was distilled 


anhydrous hvdrazine until the reaction mixture boiled gently at 180 After heating 
under reflux for 24 hr, sufficient hydrazine was distilled out to raise the temperature 


to 210° and the solution was maintained at that temperature for an additional 24 hr. 


After pouring into ice-watet and extracting with benzene, there was isolated 680 mg 


219°), which was used directly 1n the next step. 


of 8-isotigogenin (m.p. 211 


Acetylation (acetic anhydride, pyridine, room temperature) Of a sample and 
recrvstallization from ethyl acetate furnished the analytical specimen olf 5-isotigogenin 
acetate ([V), m 186-189", [a]p A, 5-80 and 8-0 u 

inal. Caled. for CogH,y,O,: C, 75°94; H. 10-11. Found: C, 75-73; H, 10-33 


mixture of 1-0 oi crude 5-/sotigo- 
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| c. o1 YU icetic acid and 10 c.c. of et ene dichloride, was treated dropwise al 


irring tor 


(240 mg) in 
reoai 


Saponilication of the acetate was accon nlished by heating under reflux for 2 hr 


with . methanolic potassium hyd 


from ether as needles, m.p. 154-1 149°, 7 


inal. Caled. for Cy,H,,0.: C, 79°19; H, 10-76. Found: C, 79-14; H, 10°76 


In order to show that the alkaline treatment had not affected the stereochemistry 


at C-17, a sample of the alcohol was re-acetylated and furnished the acetate Via, 


ind R. S. W 


= 
3 
3 
< 
10° with 0-46 of chromium trioxide 1n e.c. Ol acid Alter 
ea > hr at room temperature, the product was isolated by means of benzene, placed on 
40 of alkaline alumina in hexane-b 7ONC ang alowed to ia id for 
| hr. Elution with the same solvent mixture furnished 544 n of colorless crystals, 
m.p. 166 raised to m.p 17 SO alter several rec! talliz ms tromn ethanol; 
118 5-80, 6-01, and 6°2 240 mu, log € 4-00 
inal. Caled. for C,.H.,O,: ¢ 05: H, 9-56. Found: C, 76°94; H, 9°40 
eenan-20-one (Via) The above A'*-20-ketone \ 
SU c.c. OT el | acetal us agitated wil meg OI ch 4 
: utmosphere of hydrogen for 2 hr. Removal of the catalyst and concentra Ol the 
sol nt flordec ig tilative yield ol solid which showed no signilicant ultra-violet 
ibsorption in the 240-mu region. Recrystallization from aqueous methanol turns ied 
165 me of crvstals. m.p. 119-130°, and repeated recrystallization did not sharpen the 
pol ( Livy and i 
( ( ( 6-62: H, 10-0 Found: H 10-28 
hol VIb crystallized 
G. P.M R. E. Stobauch, inniford /. Amer. Crm 75, 4888 (1953) 


26 Cart Deerasst, A. J. Manson, and Benpas 


m.p. 107 » fe 211°, the infra-red spectrum of which was identical with the 
acetate described above 
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84-Androstane-3.17-dione (VUIIb). The chromium trioxide oxidation of the 
alcohol Villa was carried out in the standard manner and the analytical sample was 
obtained from isopropyl ether; m.p. 168-170", + 202°, 5-75 and 5°86 mu. 

Anal. Caled. for C,gHogO,: C, 79°12; H, 9-79. Found: C, 79-23; H, 9-93 

A*.84-Androstene-3.17-dione (X). The above 3,17-dione (600 mg) was treated in 


acetic acid solution with 2-1 equivalents of bromine and the crude 2,4-dibromo 
derivative (IX) (m.p. 120°, 4 HCl, 5-76~5-80 uw) was subjected to the sodium iodide 
reaction and chromous chloride reduction precisely as described above for 8-isopro- 
gesterone. Several re tallizations from isopropyl ether of the crude, crystalline dione 
(400 mg, m.p. 150-160") provided 80 mg of pure unsaturated ketone, m.p. 193-197 
329° (dioxane), 5-75, 6-00, and 6-12 w, 243 my, los 17 

{nal. Caled r C,,H,,O.: C, 79°68; H, 9 15. Founc: C, 7 9-20 

8-Isorestosterone (X11). Reduction at —5° (24 hr) of 125 mg y-androstene- 
3.17-dior S§ c.c. of 95 ethanol with 6 mg of sodiun hydrid y the 
procedure of Norymbert i and Woods’ aflorded ol \ 160°, and 
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acid’ or barium hydroxide solution® gave 12-hydroxycunine-14-carboxylic acid (IIT), 
isolated as a hydrochloride, C,.H,,O,N.CI,H,O, or a perchlorate 
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strychninonic acid, which is hydrolysed to a “monohydrate” a 
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obtained by hydrogenation of the acetate of hydroxydihydrostrychninone-A 
(1; R = OAc). 
EXPERIMENTAL 


(Melting points are uncorrected. Where not specified, concentrations of solutions 
used in the determination of specific rotation were about 0-5 %.) 

Strychninonic acid hydrazone. Strychninonic acid (0-48 g) was refluxed for 3 
hours with hydrazine hydrate (0-28 c.c.) and absolute ethanol (6 c.c.), and the mixture 
then cooled in ice. The thick precipitate (0-42 g), m.p. 210-212", was shown by 
analysis to be a mixture of the hydrazinium salts of the hydrazone and the azine 
(Found: C, 58-1; H, 5-9; N, 181. A mixture of 65°%, C,,H..O;N, and 35% 
requires C, 58-1; H, 5-8; N, 18-1 %,). 

Stryvchninonic hydrazide hydrazone. The mixture of the hydrazinium salts of the 
hydrazone and the azine (1 g) was triturated with 12% ethanolic hydrogen chloride 
(10 c.c.) and allowed to stand for 5 hours at room temperature. It was then poured 
into an ice-cold 7°, solution of potassium hydrogen bicarbonate (70 c.c.), and the 
mixture extracted with chloroform (4 10 c.c.). The dried extract on evaporation 


gave ethyl strychninonate hydrazone as an uncrystallisable yellow oil. The ester was 


boiled with hydrazine hydrate (0-25 c.c.) in absolute ethanol (7 c.c.) for 20 min. The 


solution was concentrated, and the residue crystallised twice from ethanol to give 
strychninonic hydrazide hydrazone, sintering at 160°, decomp. 180-190" (Found: 
C, 58:2; H, 5-9; N, C,,H,,O,N,,$H,O requires C, 58-2; H, 5:8; N, 19-4%). 
The filtrate, on concentration and scratching, deposited another crop of crystals, 
sintering at 160°, decomp. 222-230" of hydrazide hydrazone (Found: C, 57-9; H, 5-9; 
N, 19-3°,) probably containing different proportions of isomerides (cf. ref. 3). 

An alternative method was to reflux methyl strychninonate (0-85 g) with hydrazine 
hydrate (0-8 c.c.) in ethanol (15 c.c.) for 2 hours. Concentration to 10 c.c. gave impure 
hydrazide hydrazone (0-22 g) The filtrate on further concentration yielded a 
compound (possibly II) crystallising from ethanol as white needles, m.p. 226-228 
(Found: C, 61-4; H, 5-7; N, 13-8. requires C, 61-4; H, 5-4; N, 13-6%). 

Strychninonic hydrazide hydrazone gave a deep red, rather then the usual blue 
or purple colour, in the Otto test 

Hydroxydihydrostrychninone-A (1; R OH). Strychninonic hydrazide hydra- 
zone (0-46 g) in | N hydrochloric acid (2-2 c.c.) at 0° was treated with sodium nitrite 
(0-15 g) dissolved in a little water. After standing for 45 min at 5-15", the precipitate 
of azide was removed and heated in water (40 c.c.) at 100° for 45 min. The mixture 
was then made alkaline with potassium hydrogen carbonate and extracted with 
chloroform. The sticky residue from the chloroform dissolved in concentrated 
hydrochloric acid to a deep crimson solution, from which a yellow solid separated 
on dilution with water. It was crystallised from methanol; the first crop, a curdy 
yellow solid, decomp. 235-245", gave a crimson colour in hydrochloric acid (Found: 
C, 59-2; H, 5-6; N, 16°6. C,,H,sO;N,; requires C, 59-1; H, 5-7; N, 164%). The 
filtrate was treated with charcoal and concentrated; on cooling, tiny, white needles of 
hydroxydihydrostrychninone-A separated, sintering at 317°, m.p. 327-328", unde- 
pressed by admixture with material from the oxidation of strychnine. 

The yield from this reaction was unfavourable, and all further experiments on 
hydroxyhydrostrychninone-A were carried out with material from the oxidation of 
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lhe compound (and many related compounds) showed widely varying 


points, depending on the solvent from \ it had been crystallised. Thus 
r in needles. m.t 3 lain. 0-37 in acetic 

separated from 

Oscopic prisms, 

ridine) (Found: 

It 
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stallised from methanol in smal! needles. m.p. 328—330°, and from ethanol in 
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By-products of the permanganate oxidation of strychnine 33 
methanol it was obtained as long needles, sintering at 220°, m.p. 238-245°, [«]}), 
—81° (c. 0-37 in acetic acid), 2©*O" 2500 A, log &y,,x 4:1 (Found in air-dried material: 
C, 61:5, 61-3, 60°8; H, 5-8, 4-9, 5-7: N, 6-9, 6-9, 69; loss at 130°/1 mm: 3:°5. 
C,, requires C, 61:5; H, 5-3; N, 6:7; H,O, 3-3°,. Found in material 
dried at 130°/10mm: C, 64-1; H, 5-3; N, 7-1; M, cryoscopic in camphor, 536. 
C,H 9O,N, requires C, 63-7; H, 5-0; N, 7:1°%,; M, 396). The solid gave a positive 
Otto reaction, and was insoluble in dilute mineral acid and sodium carbonate 
solution. 

Its p-nitrophenylhydrazone crystallised from aqueous acetic acid as microscopic, 
yellow prisms, m.p. 240-242" (Found: C, 59-8; H, 5-5; N, 12:6. C,,H,;0;N;*H,O 
requires C, 59-0; H, 4-9; N, 12-7°,). It was insoluble in dilute sodium hydroxide and 
on addition of ethanol to the mixture a deep magenta colour appeared. The formation 
of this derivative excludes the hydroxylactone possibility, and the substance would 
appear to be the hydrate of an anhydro-strychninonic acid. 

The isomeric p-nitrophenylhydrazone of strychninonic acid crystallised from acetic 
acid in microscopic yellow rods, sintering at 216°, m.p. 219-221" (Found in material 
dried at 120° in vacuum: C, 587; H, 5-1. C,,H,,O;N;H,O requires C, 59-0; 
H, 4-9°.). It gave a light-red colour with ammonium hydroxide, and a deep magenta 
solution with dilute sodium hydroxide 

12-Hydroxycunine-14-carboxylic acid (111). (a) From the permanganate oxidation 


of strychnine. The compound, prepared according to Leuchs and Schwaebel,' crystal- 
lised from a small quantity of water (charcoal) as glistening, white rods, m.p. 297-298 
[x];> 46° (c. 0-52 in 8 aqueous ammonia) (Found: loss at 100°/0-1 mm, 4-6 
Calc. for C,,H,,O,N,Cl’-H,O: H,O, 4-7. Found: C, 59-2, 59-8; H, 5-8, 5-2; Cl, 9-7 
C,.H,,O,N,CI requires C, 59-3; H, 5-8; Cl, 9-8",) 

The con pound gave a faint, evanescent coloration in the Otto test 

(b) From the oxidatior hydroxyvdihvd hninone-A 
and harium hydroxide. Hydroxydihvdrostrychninone-A | 


rhydrol (1 was heated on team-bath 


barium hydroxide (60 c.c.) and pe 
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products of the permanganate oxidation of strychnine 
H When strychninone-A was crystallised from 
240-246 


H, .O.N 
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Strychninolone-C. (a) From hydroxydihydrostrychninolone-A. Hydroxydihydro- 
strychninolone-A (0-97 g) in N-sodium hydroxide (3-6 c.c.) was heated on the steam- 
bath for 90 min. The solid (0-72 g) which separated was taken up in benzene and 
chromatographed on alumina. Elution with carbon tetrachloride-alcohol gave 
strychninolone-C,” sintering at 237°, m.p. 246-249" without foaming, 177 
(c. 0-73 in acetic acid) (Found: C, 70-5; H, 58; N, 8-9. Calc. for C,,H,,O,N,: 
C. 70-8: H. 56: N,. 87°). (+) From strychninolone-A. The following method was 

Crude strychninolone-A (0-65 g) 


more convenient than those already reported.'*»”” 
in 4°. sodium hydroxide solution (5 c.c.) was digested for 6 hours on the steam- 
bath 

The crude strychninolone-C was purified by passing it in chloroform (20 c.c.) 
through a short column of activated alumina, which was then washed with more 
chloroform (20 c.c.). The combined percolates gave strychninolone-C (0-48 g), m.p 
254-250 

1 1- (X; R Me)—a) From 
Hydroxydihydrostrychninolone-A g) con- 
centrated hvdrochloric acid (5c¢.c.) was heated on the steam-bath for 40 mun. 
The solution was evaporated to dryness, the residue taken up in water and neutralised 


to pH?, and again evaporated to dryness. The residue was extracted with hot 


methanol. The solid separating from the solution was recrystallised twice from 
methanol, giving needles of the methyl ester hydrochloride,’ sintering at 297°, m.p 
301-303", [x}27, +-9° (c. 0-16 in water) (Found: C, 61-0; H, 6-0; Cl, 93; MeO, 7-4. 
Calc. for C.,H.O,N,Cl: C, 61-5; H, 5-9; Cl, 91; MeO, 7-9°,) 

lhe nitrosamine formed from the methyl ester had m.p. 215 217° (Found: C, 62-0: 
H, N, 10°6. C.gH,,O;N, requires C, 62:7; H, 5-5; N, 11-0%,) 

(b) From strychninolic acid. The acid (1 g) was heated in concentrated hydrechloric 
acid (7 c.c.) on the steam-bath for | hour The syrup obtained on evaporation of 


the solution was refluxed with methanol (10 c.c.) and hydrochloric acid (0-2 c.c.) for 
ter hydrochloride (0-1 ¢). After one crystallisation from 
+8 (c. 0-36 in water) (Found: 


several hours to give the es 
water the tiny needles had m.p. 301-303", 
C, 61-9; H, 

Ethyl strvchninolate (1X: R OCH,CO,Et). Strychninolic acid (1 g) was 
shaken in 5°, ethanolic hydrogen chloride (20 c.c.) at 0° and the mixture allowed to 
attain the room temperature. After 25 min the solution was neutralised with 
ice-cold 5°, potassium hydrogen carbonate solution, and extracted with chloroform 
(4 « 10c.c.). The residue from the chloroform crystallised from ethanol as micro- 
scopic prisms of ethy/ strychninolate softening at 157°, m.p. 161-163°, [x]}/, +27 
(c. 0-77 in acetic acid) (Found: C, 64-0; H, 65; EtO, 10-1. C,,H,,O,N, requires 
C, 64-8; H, 6-2; EtO, 10-5",) 

Hydrazinodihydrostrychninolone-A (IX; R==NHNH,)—(a) From ethyl strychni- 
nolate. Ethyl strychninolate (4-0 g) and hydrazine hydrate (1-6 c.c.) in ethanol (20 c.c.) 
were heated for 5 min on the water-bath and the solution than evaporated to 
dryness. On adding ethanol (16c.c.) to the yellow syrup, a white crystalline solid 
was obtained; concentration of the filtrate gave further amounts. The gummy solid 
(3-0 g) was digested twice with ethanol (30 c.c.) leaving microscopic rods, sintering 
at 220°, m.p. 228-230", [x}j,’, —88° (c. 0-69 in acetic acid) (Found: C, 64-2, 64-9; 
H, 6:2, 64; N, 163, 15-1. CygH requires C, 64-4; H, 6:3; N, 15-8%). 
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Hydrazino dihydrostrychninolone-A was soluble in dilute hydrochloric acid and 
sparingly soluble in hot water. It gave a deep red colour in the Otto test. 

Final concentration of the original filtrate and of the filtrates from the digestion 
left a white solid which, after digestion with ethanol (10 c.c.), gave an impure isomeric 
hydrazinodihydrostrychninolone-A_ sintering at 280°, decomp. 283-286° (Found: 
C, 63-2, 63-5; H, 61, 6-2; N, 14-9, 162°). These hydrazinodihydrostrychninolones 
on repeated crystallisation from ethanol deteriorated to brown gums. 

(b) From strychninolone-A. Strychninolone-A (0-8 g) was heated on the water- 
bath with hydrazine hydrate (0-3 c.c.) in absolute ethanol (4 c.c.). It rapidly dissolved, 
then microscopic white prisms (0-49 g) separated, decomp. 222-230°, [z]j’, 100 
(c. 0-79 in acetic acid) (Found: C, 64-1; H, 7-0; N, 15-8°,). The difference in specific 
rotation of the material prepared from ethyl strychninolate is probably due to differ- 
ence in the proportions of isomerides. 

{ction of hydrazine on strychninolone-C. Strychninolone-C (0-7 g), heated in 
ethanol (4 c.c.) containing hydrazine hydrate (0-3 c.c.) for six hours on the steam-bath, 
went very slowly into solution. Next day, round, white nodules of a mixture (0-55 g) 
of hydrazinodihydrostrychninolone-C and strychninolone-C, sintering at 170°, 
decomp. 185—200°, were collected (Found: C, 65-8; H, 6:3; N, 14-7. A mixture of 
80°, and 20°, C,,H,gO,N,. requires C, 65-6; H, 6-3; N, 145%). The 
material was partially soluble in dilute hydrochloric acid, and gave a red Otto reaction. 

( Monoacetate of hydroxydihydrostrychninolone-A (X1). Obtained by treat- 


21 


ment of hydroxydihydrostrychninolone-A with acetic anhydride-sodium acetate at 


100°, the acetate crystallised from methanol in microscopic prisms, m.p. 234 236°, 
[x]77, —24° (c. 1-07 in acetic acid) (Found: C, 65-6, 65-6; H, 5-8, 5-8; Ac, 13-6. 


C,,H».O;N, requires C, 65-9; H, Ac, 11-2”,). 

C.,2;-Monoacetate of hydroxydihydrostrychninolone-A (IX; R OAc). Hydroxy- 
dihydrostrychninone-A acetate (1-0 g) in acetic acid (80 c.c.) with platinum oxide 
(0-02 g) was hydrogenated to give the C,,9),-monoacetate (0-9 g), m.p. 235-239", 
obtained after two recrystallisations from methanol as needles, sintering at 205°, 
m.p. 215-217°, [x]j), +91° (c.0-91 in acetic acid) (Found: C, 65-7; H, 5-7. Cy,;H20;N, 
requires C, 65-9; H, 

Analyses were carried out by Dr. F. B. Strauss and Dr. G. Weiler, also by Mr. F. 
Hall. Grateful acknowledgement is made to the Royal Commission for the Exhibition 


of 1851 for a Science Scholarship (to J. T. E.). 
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SYNTHESES IN THE QUINAZOLONE SERIES—VI 
THE SYNTHESIS OF 1:2:3:4-TETRAHYDRO-2-ARYL-4- 
OXOQUINAZOLINES 


A. Kitroe and HENRY STEPHEN 
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Abstract An im 


(V1) 


V2. ARYLIDENEORTHANILAMIDES (1), which are readily prepared by condensing aromatic 
aldehydes with anthranilamide (Table 1), are characterised by the ease w which 
they isomerise to give 1:2:3:4-tetrahydro-2-aryl-4-oxoquinazolines (11) (Table 3) 
Isomerisation (Table 2) is readily effected in most cases by treating arylideneorthanil- 
amides with dilute (8°) sodium hydroxide. In some instances dilute hydrochloric 
acid brought about the change, but this was invariably accompanied by partial 
hydrolysis of the orthanilamide. Heating under reduced pressure above the melting- 
point was sufficient in some instances to bring about isomerisation, which could be 
readily observed, since the oxoquinazolines have a higher melting-point than the 
corresponding arylideneorthanilamides. It is of interest to note that during the 


isomerisation of N2-(m-nitrobenzvlidene)- and N2-( p-nitrobenzylidene)-orthanilamides 


under reduced pressure at the melting-point oxidation takes place with the formation 


2 -nitrophenyl-3 H#-quinazol-4-one respectively 


of 2-m-nitrophenyl-3H- and 


(o-nitrobenzylidene)-orthanilamide isomerises at the melting-point without oxidation 


and yields 2:3:4-tetrahydro-2-( -nitrophenyl)-4-oxoquinazoline A number of 
tetrahydro-4-oxoquinazolines have been oxidised with potassium permangan: 
acetone to give the corresponding quinazol-4-ones, and the latter were identifie ' 
comparing with the same compounds already prepared by Stephen and Wadge.! 
The ease with which the hydrogen atoms in positions | and 2 in the tetrahydro-4- 
oxoquinazolines are removed by oxidation ts indicated in the case of 1:2:3:4-tetrahydro- 
2-styryl-4-oxoquinazoline, the styry! radical remaining intact during oxidation 

The intermediate arylideneorthanilamides from the condensations of benzaldehyde 
p-methylbenzalde! +, and piperonal with anthranilamide could not be isolated, 
since they isomerised rapidly to the corresponding 4-oxoquinazolines during theu 
preparation 

In a previous communication* it has been shown that the condensation of 4- 
chloroquinazoline with methy! anthranilate gives methyl N-4-quinazolinyl-anthranilate 
(111). which with hydrogen chloride cyclises with elimination of methanol to quinazo- 
[4,3-b]quinazol-8-one (IV), and the latter has also been obtained by hydrolysis of 
3-4 -quinazolinylquinazol-4-one (V).2 Further hydrolysis of (IV) gives 2-(0-amino- 
phenyl)- 3 H-quinazol-4-one (V1), the structure of which has now been confirmed by the 
1H. Stephen and G. Wadge J em. Soc. 4420 (1956) 
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preparation of N*-(o-nitrobenzylidene)orthanilamide (VII), which as stated above is 
isomerised to give 1:2:3:4-tetrahydro-2-(o-nitrophenyl)-4-oxoquinazoline (VIII), and 
the latter on oxidation gives 2-(0-nitrophenyl)-3 H-quinazol-4-one, which on reduction 


is converted into 2-(0-aminophenyl)-3H-quinazol-4-one identical with (VI), and on 


treatment with anhydrous formic acid yields (1V). 


nary stages of the present investigation it was intended to prepare 
ithranilates with the object of their conversion to |:2:3:4-tetrahydro- 
4-oxoquina; by the action of ammonia. Attempts to condense benzaldehyde 
with meth. ranilate in ethanol in presence of hydrogen chloride gave a mixture of 
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[di-(o-methoxycarbonylanilino)methyl] benzene (IX) 1:2:3:4-tetrahydro-3-o- 
methoxy-carbonylphenyl-4-oxo-2-phenylquinazoline (X). In absence of hydrogen 
chloride, methyl anthranilate in ethanol combined with benzaldehyde and p-methyl- 


benzaldehyde to give respectively methyl N-(2-hydroxybenzyljorthanilate (XI) and 


methyl N-(«-hydroxy-4-methylbenzylorthanilate (X11). which on treatment with 


ammonia gave |:2:3:4-tetrahydro-2-phenyl-4-oxoquinazoline (XIII), and 1:2:3:4-tetra- 
hydro-2-p-tolyl-4-oxoquinazoline (XIV) respectively. These reactions are very slow, 


requiring [rom two to three weeks 
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TABLE | V ?- ARYLIDENEORTHANILAMIDES 


Required 
(%) 


acid 


vers 


mixture filtered, 
izol-4-one was 


evaporau ne ue nsisting ine Quin 


recrystallised from et ha able 4 gives details of the compounds 


prepared 


Found 
ld 
eld 
m.p Form ( H Formula H 
o-C,H (OH) 165 orange needles 70-28 5:18 C,,H,.O.N 00 5-04 
o-C,H (OMe) 77 +159 pale yellow 
needles 70-66 C 70-87 
m-C..HAOH) 70 146 ve need'es 70-28 5:39 C,,H,.O.N 0-0 5-04 
p-C,H (OH) 70 160 ve needles 70-4 §-22 do do 
p-C,H (OMe) 158 pale vellow 
needles 70-78 5-64 C,,H,,O.N, 70°87 5-51 
2:4-C,.HOH) 90 190 orange needles N,9-16,9-45 N,9-2 
RS 160 needles 67°42 5:69 67°61 5-73 
2:4-C,H (Ol 87 177 eedies 692 662 C,H»O,N, 69:23 6-46 
2:4-C,H (OEtMOH) 2 ve needles 67-43 686 C,,H,,O,N, 67°61 5-73 
H/OHVOED 646 see Note 
Me SO 153 ve eedles ee Note (b) 
> 
67-44 $52 67-61 5-73 
(OMe 84 es 67-72 . 67-¢ 
(OEtKOMe) 64 152 na le 68-4 634 C,-H,.0O.N 68-46 609 
2:3-C,H (OHNOMe 168 ed needles 66°55 5°36 C,,H,,O,N, 6667 5-19 
HANNO N¢ 174 62-48 1-17 ( H..OWN 6?-45 409 
.HANO ve 62:38 417 
PhCH-CH 710 ( H..ON 20 
?:3:4-C_.H Me 208 eneediles 62:15 514 62:19 4°88 
+ 
\ 
I iD summar;4ises tne results ol OL 
to izoline. Hy indicates hydrolysis 
f | 2 :4-fetral -2 a i-4 Mina nes i 2-al guina /-4-ones 
The NOguinazoline dissolved in dry acetone was treated with potassium perma! 
a ganate dry acetone. which was added during 2-3 hours. Excess potassium pe an- 
a. . ganate was removed by addition of solid sodium bisulphite and the S| 
am 
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The synthesis of 1:2:3:4-tetrahydro-2 aryl-4-oxoquinazolines 


Methyl N-(2-hydroxybenzyl)orthanilate (X11). Methyl anthranilate (15-1 g) and 


benzaldehyde (10-6 g) were mixed in light petroleum (60-80°) and kept in an atmo- 


e of carbon dioxide in a refrigerator for 3 days. The addition product separated 


5°.) which crystallised in needles from light petroleum (40-60°), 


H, 5:7. C,,H,,O,N requires C, 70-02; H, 5-88°.,). Methy! 


(65 


hite solid (7 


(Found: ¢ 0-44: 


hvdroxy-4-methylbe izviorthanilate was similarly prey ired 
d hyde crystallis “d 


vl anthranilate and p-methyl-benzal 


(Found ( 71-44 H, 6°16 ( sakis O.N requires ( 70 85: H, 


Treatment of the above compounds in ethanol saturated with ammonia 
(after remaining in the refrigerator for two weeks), | 3:4-tetra- 


line (X11) (41 220 and 


in both 


respectively 
2-phenyl-4-oxoq 1:2 
4-oxoquinazoline (XIV) (58°,), m.p. 230°, identical 


ls previ epared (Table 3) 
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on between methyl anthranilate and benzaldehyde in presence of hydrogen 


A solution of methyl anthranilate (10 g, 2 mol) and benzaldehyde (4 g. 


in ethanol (50 c.c.) was warmed with a trace of hydrogen chloride. The 


yxecame Orange in colour, and after refluxing for 40 min a white crvstalline 


was filtered hot (8-6 2), m.p. 265-275. Extraction with acetone 
@) 27 2 (Found ( 73-68: H 
H, 5-06"... which corresponds with (X)). Evaporation 
(l-Je@ m.p. IS8-190° (Foun 70-46: 


vith (1X)) 


nilic acids were 


res due 


ethoxybenzylidene)jorthanilic acid was obtained by refluxing a 
solution of 2-hydroxy-4-ethoxy-benzaldehyde (12-5 g) and anthranilic acid (10-3 g) in 
ethanol. A copious yellow crystalline deposit (19-8 g, 92°.) of the condensation 
product was obtained which crystallised in yellow needles from ethanol, m.p. 206 
(Found: C, 67-05: H, 5-01. ¢ ieH,,O,N requires C, 67-21; H, 5:26°.) 


acid. 2-ethoxy -4-hydroxy-benzalde- 


hyde (1°66 g) and anthranilic acid (1-37 g) were mixed and dissolved in ethanol. After 


refluxing for 20 min and cooling, the condensation product separated as yellow needles 
2-8 g, 97°.) m.p. 211°, decomp. (Found: C, 66-95; H, 5-49. C,,H,,;O,N requires 
C, 67-21; H, 5-26°) 

N-(3-methoxy-2-hydroxybenzylidene)orthanilic acid was prepared by refluxing 
anthranilic acid (6°85 g) and 2-hydroxy-3-methoxybenzaldehyde (7-6 g) in benzene 
(80c.c.). The condensation product (10-92 g, 80°.) was deposited and crystallised from 
ethanol as orange needles, m.p. 119° (Found: C, 66°74; H, 5-01. C,;H,,0,N requires 
C, 66-41; H, 4:83",). The above compounds did not yield tetrahydro-4-oxoquina- 
zolines on treatment with ammonia 
Acknowledgements—The authors thank Dr. R. S. Cahn for advice in connection with 


the nomenclature adopted in this paper. 


4 
Rei 
nol) 
_ 
C..H, OLN, requires ¢ 
H, 5 requires C, 70-77; H, 5-64°.. which corresponds 
D the present investigation the following new arvlidene ort ha 
prepared 
H 5 \cOH 67-4 C,.H,,0.N ) 
* Stephen and Wadge J. Chem. Soc. (1956) 
: 
i 


Tetrahedron, 1957, Vol. 1, pp. 45-48. Pergamon Press Lid., London 


PHOSPHOROUS PENTOXIDE-PYRIDINE: A NEW 
COMBINATION FOR BISCHLER-NAPIERALSKI 
REACTION 


Nosuo and SHIGEHIKO SUGASAWA 


Pharmaceutical Institute, University of Tokyo 


(Received 17 August 1956) 


Abstract—The Bischler-Napieralski type of cyclisation can be effected by treating appropriately 
substituted acyl phenethylamides with phosphorous pentoxide in boiling pyridine. Isoquinolines 


can be recovered as the free base from the resultant pyridine layer; this reaction gives a good yield. 


THe usefulness of the Bischler-Napieralski reaction and its modifications! for the 
»reparation of 3.4-dihydroisoquinoline derivatives by dehydrating acyl /-phenethyl- 
| 
amides is well established. The methods of Pictet® and Mannich’ for the synthesis 
of isoquinolines may also be regarded as the modified forms of this reaction. 
H,O 


NH 


co 
R 


R 

Phosphoryl chloride, usually in combination with benzene hydrocarbons, is now 
most extensively used as the cyclisation agent in these reactions. For more drastic 
conditions, phosphorous pentoxide is recommended, usually with boiling xylene, 
while the same agent in boiling tetralin is considered the most powerful dehydrating 
combination in this type of reaction A combination of phosphoryl chloride- 
phosphorous pentoxide’ is also used in some cases, but since phosphoryl chloride 
is more easily handled this would seem to be the main reason of its popularity 

In minor cases, thionyl chloride,* and phosphorous pentachloride in cold chloro- 


form’ are also used, the latter of which appears to have a special feature to effect the 


cyclisation when phosphoryl chloride and phosphorous pentoxide are ineffective.* 


Polyphosphoric acid® will also be mentioned as a new reagent to be used for the same 
cyclisation purpose. 

With all these reagents or reagent combinations the ring closure proceeds in 
acidic condition from the beginning to the end of the reaction, and thus the cyclisation 
of amide possessing any acid-sensitive group might suffer from some change either 
during the reaction or during the working up of the product. Thus, according to the 


1 W. M. Whaley and T. R. Govindachari Organic Reactions V1. 74 (1951). 
A. Pictet and A. Gams Ber. 43, 2384 (1910) 
C. Mannich and O. Walter Arch. Pharm. 265, 1 (1927). 

* Organic Reactions V1, 99. 

Ibid. 95 

®H. Avenarius and R. Pschorr Ber. 62, 321 (1929); J. M. Gulland and C. J. Virden J. Chem. Soc. 1791 
(1929); Asta Akt. Ges. D.R.P. 614703 (Friedl. 21, 688 (1934) 

7 J. M. Gulland and R. D. Haworth J. Chem. Soc. 581, 1132, 1834, 2083, (1928); 658, (1929); 2872, 
2881, 2885, 2893 (1931). 

® H. Kondo and S. Ishiwata Ber. 64, 1533 (1931); R. Robinson and S.Sugasawa J. Chem. Soc. 280 (1933). 


*H. R. Snyder and F. X. Werber J. Amer. Chem. Soc. 72, 2962 (1950). 
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writers’ experiments, the cyclisation of /-3,4-dimethoxyphenethyl-p-ethylenedioxy- 
butyramide (1) by means of phosphoryl! chloride in boiling benzene gave always an 
isoxazoline derivative (IIL) rather than the expected (IV). The former was probably 
prototropic change of l-acetonylisoquinoline derivative (11) in its 
enolic form (II’), the hydrolysis product of (1V) by the agency of acid formed during 


produced by a 


yvcnsation reactiol 


, 
hoped 
aliows the 


ed out with cw 


for phosphorous pentoxide with satisfactory 


vl)-acetamide (V) was treated with a mixture ol 


ous pe a and in boiling pyridine, 6,7-dimethoxy-l-methyl- 


in a good yield from the supernatant 


recovered 
ined some of the starting amide. From the pyridine 


practically none of the product was recovered, showing 


Wasi 


that all the product exis ed in the pyridine laver as the free base. The corresponding 


benzamide (VII) also gave a comparable result. Both isoquinolines (V1) and (VIII) 


were identified with the authentic specimens 

The cyclisation of /-(3.4 dimethoxyphenethyl)-benzyl-acetamide (IX) by this 
means is probably worth noting. From the resultant pyridine layer a yellowish oil 
was recovered. which was fairly unstable, turning reddish on exposure to au The 


presence of (X) 


s of this experiment will yu hed th rthcoming paper 


‘ 
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of tior nhosphorvl chloride-pyridine and (11) phosphorous pentoxide- 
Bee i, pyridine were eXal ed. of which the latter seemed preferabdie. Since phosphorous 
a pentoxide itself is rather inconvenient to handle. it was mixed with inert material 
in such as purified sea-sand, coarsely powdered limestone, Oo! alumina 
‘ombination. in which 
Some preliminary experiments cari combina 
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in this oil was established (i) by treating the oil with hydrochloric acid in the presence 
of potassium iodide, giving the stable quaternary benzyl iodide (XI), and (ii) by 


oxidising the oil with potassium permanganate in pyridine solution, furnishing 
N-benzylcorydaldin (XII). Direct oxidation of the pyridine layer of the reaction 


mixture also gave the same product. 


CH,O CH,O 


H.C H 
Cc CHO 


combination exists in that, though the isoquinoline 


formation takes place on the surfi 


ice Of p 1OS] horous pentoxide under acidic con- 
xmed—probably metaphosphoric acid—will soon become neutral- 


ised t] pyridine, liberating isoquinoline from the surface of the deh 


ditio the acid ft 
n moves into the pyridine layer as a free base, and this will certa 


= 


synthesis ol isoquinolines Wi nh contain any group 


lication of this new combinatior various other ty 
inder progress and the results will be the subject of furth 


EXPERIMENTAI 

7- Dimethox y-1-methyl-3.4-dihvdroisoquinoline (V1) This is 
as a general procedure. 3,4-(/-Dimethoxyphenethyl)-acetamide 
pyridine (30 c.c.) was kept under gentle boiling, and to this solution was added an 
intimate mixture of phosphorous pentoxide (5 g) and dry sand (50 g) in four portions 
with stirring. Some time later, stirring became impossible due caking of the 
dehydrating agent. After being refluxed for 6 hours, the dark-coloured pyridine 
laver was decanted and the residue extracted with ‘ 10-c.c. portions of hot pyridine 
From the combined pyridine solution the solvent was removed in vacuo, leaving 


yellowish syrup (0-5 g). which was dissolved in benzene. The benzene solution was 


repeatedly extracted with dilute hydrochloric acid, and the combined acid solution 
was basified and salted out. The liberated base was collected in benzene, dried and 
evaporated, giving a faint yellow syrup (0-45 g) which solidified on standing. When 
purified from n-hexane, it formed colourless prisms of m.p. 108-109", which was not 
depressed on admixture with an authentic specimen. The yield was 0°38 g, or c. 85% 
of the pure product 

From the original benzene solution a small amount of the starting amide was 


recovel ed. 


N—CH,Ph 
OC 
5 
Vi: R CH xX: R CH 
R H Vill: R PI Xl: R 4 
Vil: R = Ph, R’=H 
7 IX: R CH.,, R CH.Ph 
CH,O 
Cc H O 
N—CH,—Ph}! 
CH 
Xl 
favourable for the sensitive 
; tO ac d 
Ap] of phenethylamides 
is noW r communications. 
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The melting-points of the hydrochloride (199 200°) and of the picrate (210-212°) 
were also the same as recorded by previous workers. 

6,7- Dimethoxy-|-phenyl-3,4-dihydroisoquinoline (VIII) forms colourless prisms 
from ethyl acetate; its melting-point of 120° was not depressed when admixed with 
an authentic sample. It gave a yield of 0-3 g, or c. 83°, from 0-35 g of the starting 
amide 

6,7 - Dimethoxy - | - methylene - 2-benzyl-1,2,3,4-tetrahydroisoquinoline (X). The 
cyclisation of the amide (IX) was carried out as above. When pyridine was removed 
in vacuo, there remained a yellowish brown viscous oil, which could not be purified 
because of its unstable nature in air and was directly converted into the quaternary 
salt 

6.7- 4-dihvdroisoquinolinium iodide(X1). The above- 


mentioned oil was treated with hydrochloric acid added with sufficient amount of 


potassium iodide; the yellowish solid which was separated was purified from alcohol, 
and formed stable yellow needles of m.p. 183-184°, being identified by mixture 
melting-point test with an authentic sampie prepared from the compound (VI), 
benzyl chloride and potassium iodide Thus, 0-41 ¢ of the pure iodide (X11) was 
obtained irom U 5 g of the amide (IX) vield r 76 

Oxidation of 6.7-Dimethoxy-|-methvlen (X). (i) 
The crude base (X: 0-2 g), obtained as above, in pure pyridine (30 c.c.), was oxidised 


‘ 


by adding an aqueous potassium permanganate solution (made from 0-2 ¢ of the 


oxidising agent and 30 c.c. of water) with stirring and cooling in the running water. 


After about 2 hours stirring. the unreacted permangal ate was decon posed DY adding 
enough methanol, filtered from manganese dioxide, and the filtrate was evaporated 
in vielding a colourless glass which solid hed on Standi Purified irom 
n-hexane, the benzylcorydaldin thus obtained formed colourless prisms of m.p. 84°, 
which was not depressed on admixture with an authentic specimen prepared as 
shown below The vield was 0-2 g. which ts nearly the theoretical value (Found 
C, 72-8: H, 61; N, 49. C,,.H,,O,N requires C, 72:7; H, 6-4; N, 47) 

(ii) The direct oxidation of the pyridine solution gave the same compound. Thus, 
the amide (1X: 0-3 2) was cyclised in boiling pyridine as already stated I he pyi dine 
layer was decanted from the caked residue and was directly treated with an aqueous 
solution of potassium permanganate (0-3 g in 30 c.c. of water) and treated as previously 
described. The t } lissolved in a mixture of benzene and n-hexane (100 c.c 


each), purihed through an alumina column, and the solvent was removed by distil- 

auion he residue was purified [rom giving of pure enzvicory- 
daldin of m.p. 84. which remained unchanged when admixed with an authentic 


san pic 


in authentic N-benzylcorydaldin. 6,7-Dimethoxy-3,4-dihydro-N-benzylisoquino- 
linium chloride (1 g) in c. 10 c.c. of water was oxidised by adding an alkaline potassium 
ferricvanide solution (8 ¢ of ferricyanide in 60 c.c. of 10 sodium hydroxide solution) 
with stirring and water-cooling for a period of half an hour: stirring was continued 
for an additional half-hour Ihe filtrate was repeatedly extracted with ether. dried, 


and evaporated, leaving a yellowish solid, which was purified from n-hexane, forming 
colourless prisms of m.p. 84°, giving a yield of 0-5 g, or c. 86°, of the pure product 


(Found: C, 72-9; H, 63. C,.H,gO,N requires C, 72:7; H, 
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Abstract —St XXI) named 
nthrene (X) 


view 


bond 


1 one- 


mior 


IN several steroid syntheses a homo-D-ring has been built up a 


an early stage and 
ve-membered ring. In thi a lvantage can be taken of the 


ut this is rin while it I i- rif 


is easily fabricat 
into ably tituted 5-membere In previous sy! 
rings ve come from ph aromat is in 1:6-dihydrox, 
ylresorcinol’) and 


lor 
all 


am | were aac veri the tatter int ae PIYCO! OFT related Compound with 
“3 to cl e potential homo-D-ring into a natural D efore reducing the 4:12-double Il 
The ketone (X) s converted into the desired product (XXI) by hree-stage methylation 
tw ec-Stage re I the orde! I the reactior varied cnhieve st cl | and steric 
specificity Wher p ad er ronaiise the steric Course of the reductions, it 
vas he concept of catalyst ndrance pre ed a better guide than Hadler’s ccumimr- 
mational a guments whict ere inal applied to ind A steroids 
: 
later converted into a 
better understanding o exane derivatives, 
ed and changed 
such homo- D- 4 
tt 
ht and 
ing extension 
method (or EMM scrics of reactions) has been surprisingly neglected. The 
iijue Of using a naphthalene derivative for the 6- and C-rings has been shown clearly‘ a 
nd if a 2-methyl-l-tetralone such as (VI) were to be ring-extended. the resulting ; 
‘ } 
unsaturated ketone, suc is (X), provides (a) seve al possibilities for reduction to a 2 
( V-trans-Tused ring syste whic! self a part of the natural steroid structure 
and leads to stereospecific reduction at a later stage‘ (b) the possibility of introducing ; 
a cardDon atom at ¢ and (c) the tunction; ‘rroup needed for transforming the 
D-ring. Apart from some exploratory « ments,* only Stork, Loewenthal | 
and Mukharji” and the present author have used this ipproaci n aimost identical 
wavs 
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The reactions considered suitable for opening the D-ring between C,,, and C 
depended upon enolisation of a 3-carbonyl group or climination of a suitable 3- 
5 


substituent with formation of a 2:3- rather than a 3:4-double bond. This mode ol 


reaction was expected to predominate particularly if the C- and D-rings were frans- 


fused. but we hope to give a fuller discussion of this point elsewhere 

We had originally intended to use 6-methoxy-!-tetralone as the starting material 
(cf. ref. 9). since the reduction of polycyclic aromatic ethers related to 6-methoxy- 
tcl already Deen accon pl shed and the C,,.,* met! vi rroup could be added 
ifte e ( ( part of the A-ring, thereby obtaining predominantely axial methyl 
sition (this steric control has been realised n a development of Woodward's 
St d synthesis). The a ibility of a supply of 6-methoxy-2-methoxycarbony! . 
2:5-d tel ye (V) ind 6-mectl ell tcl (1) nd the misicadiu 
ons ( t ine titer read cl \ ?-one (11) led us 
to c pa to ine ac it to wed b Stork Loc 
d Muh In both series ol ms U ediate 2-methyl-| 
exte enient | aral f the ketone (X) 

The prep e tet me f ethoxy-5-m«¢ etralin (1) has 
hec ed ed ne wr a ot the 
ye (IIT) s been ¢ ed out witho yn of diate ester 
was de of f ortcolh oncentrated 

~ ~ OH 
Y Y 


IV R 


a~ 


roy 

IX) R=Me, R =(CH),CO,Me 
solutions, instead of distillation in the purification of intermediates. The condensation 
of the tetralo (V1) with diethvimethyl-(3-oxobutyl)-ammonium iodide was unpro- 
mising. and although the ketone (X) was isolated in low yield, this method was not 
developed. Instead, the tetralone (VI) was cvano-ethvlated in ¢-butanol and the 


resulting nitrile (VII) was hydrolysed to the ac d (VII) and the latter was esterified, 


giving the methyl ester (IX) (yield c. 87°, from VI). Under forcing conditions this 


lL. B. Barkley, W. J. Knowles, H. Raffelson, and Q. E. Thompson hid. 4111 
Robinsor 


( 
MeC MeO Ly Mey 
(VY) R=CO.Me, R’= Me 
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ester reacted with methyl acetate and sodium methoxide and the whole product was 
boiled with formic acid, giving the phenanthrene derivative (X) (c. 70%, yield from the 
tetralone VI). The sodium salts present buffered the mixture sufficiently to prevent 
decomposition of the ketone (X), which is sensitive to strong acids, including hot 
concentrated formic acid. The ketone (X) and compounds containing the same 
chromophore, and the corresponding alcohols, such as (XXVIII), give a variety of 
colour reactions with acidic reagents which were useful for detecting these compounds, 


particularly near the end of reductions (see Table | and below) 


( OLOUR REACTIONS GIVEN BY F THE COMPOUNDS PREPARED IN THIS 


» LIEBERMANN TEST WAS A FRESHLY 


AND SULPHURIC ACID (12:1) 


SO ION USED POR 


Lieberma 


XI 


X11 
XXVIII 


1e ketone (X) 


Although only racemates were prepared, the 11-methyl group in t] 
; (and above the mean plane of the 


will by convention be taken to be “‘p’’-orie 
molecule) to facilitate the naming of stereoisomers and to indicate relationships with 
the natural steroids. It seems very probable that the ketone (X) has the C- and D-rings 


in the half-chair conformation,’ since (a) that is the more stable for cyc/ohexene (b) 


allows the molecule to be nearly strain-free, judging from models, and (c) the conju- 


gated system is planar and therefore the resonance stabilisation should be maximal 


ous authors yg ref. 7. have used heavy and broken lines in formulae, and Greek 
commas to denote relative cot figurations ol racemic compounds This convent 


in th ape 
Beckett. N. K. Freeman, and K.S. Pitzer J. Amer. Chem. So 70, 4227 (1948): D. H. R. Barton, 


Cookson. W. Klyne, and C. W. Shoppee hem. and Ind. 21, (1954) 
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In this conformation (sce Xa) only the I1l-methyl group is above 


methvicne groups e below the mean pila o It se 
(X) is much more stable in the conf yn (Xa) than (Xb), s 
rr 
Iwo sub . olet absort 
uns ed \) spitc oO ne ence 
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Son ilttempts \ ade to introdu an oxygen function at ¢ int ketone 
ome auc | ere ce 
(X) wit! a view prepal veol (ct 4) Delore reduc n of the do hle 
bond. The purpose was to make use of the undirectional enolisation of the ketone 
(X), although it was recognised that the trans-C/ D ketones (XVII) and (X XI) should 4 


react predominantely at ¢ ! ketone (X) gave intractable tars when treated with 
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acetic acid, or acetic anhydride, and with lead tetra- 
icetic acid. With bromine in acetic acid the ketone (X) gave green tars. 


ive (probably the 6-bromoketone, 


latier reacted with sod tate, but no acetoxyvdibromoketone 


but de but the resulting x-oximinoketone (XV) could not be hvdrolvsed. and the 
cl Od icltive YSIS appl cable ATT no cl pel tal Ol ‘bro 
( cuion to a vel instabic DASIC substance presun ably an an noketone \ 

duct was obtained by catalytic reduction, but neither could be purified 


base or as the hydrochloride 


In the main synthetic route the methylation of the ketone (X) was the next objective 


Fror e methoxycarbonylation of the ketone (X) the oxoester (XI) could be 
ted ne irl quant lative vield. pro\ ded the reaction was forced to completion 

by re ne methanol as it was formed, but the /-oxoester (XI) was conveniently 
ted without isolation, forming mainly the 2*?”’-methyl derivative (XII) and 


some of the isomer (XIII). Both the esters (XII) and (XIII) were hydrolysed by 
alk to (XIV) (c. 80 from X), without any of the expected dibasic acid (XVI) 
In one experiment, using a shortened reaction time, the sodium salt corresponding to 
the ester (XII) was isolated as a by-product. The structures of the esters (XII) and 
(X111) will be discussed below 

Several methods were tried for the reduction of the ketones (X) and (XIV) to the 
transoctahydrophenanthrenes (XVII) and (XXI). Lithium in liquid ammonia was 


first, because this was known to give thermodynamically more stable products” 


used 
in general. and transoctal ydrophenanthrenes in particular although the effect of the 
different positions of the functional groups was not known. The reaction was much 


slower with the ketones (X) and (XIV) and gave mixtures of cis and trans ketones, 
(XVII and XXII) and (XXI and XXIII) respectively, which could not be separated 
directly by crystallisation, and the mixtures were converted into methyl and ethylene 
ketals respectively. The ethylene ketals were prepared by a standard method,’ but 
the methyl ketals were prepared by crystallising the mixed ketones | XVII) and (XXII) 
from boiling acidified methanol. Similar preparations of methyl ketals have been 
reported recently.'* The ketals from the trans ketones (XVII) and (XXI1) only were 
obtained crystalline (c. 50°, yields), and these were hydrolysed to the pure ketones in 
acetone.'? The cis ketones (XXII) and (XXIII) were obtained in low yields from the 
ketal residues 

Methoxycarbonylation of the ketone (XVII) gave exclusively the /-oxoester 
(XVII), which on methylation gave mainly the derivative (XIX), and a very small 


" F. Litvar d Sir R. Robinson J. Chem. S 1997 (1938) 

ML. Clais nd E. Manasse innalen 274, 90 (1893) F. H. Stodola, E. C. Kendall, and B. F. McKenzie, 
J. Ore. Chem. 6, 841 (1941): M. N. Huffman and M. H. Lott J. Amer. Chem. S 76, 4038 (1954). 
D. H. R. Barton and C. H. Robinson J. Chem. Soc. 3045 (1954) 

1 FE. Sondheimer. O. Mancera. G. Rosenkrantz, and C. Djerassi J. Amer. Chem. Soc. 75, 1282 (1942) 
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j. 1. Poos, G. E. Arth, G. E. Beyler, and L. H. Sarett ibid. 422 


° 
bromine atom was unreactive and the 6-position 1s ortho to the methoxyl 
ed) TrOUPp s formed This bromokectone was not sensitive to acids, but further acid- 
ee cata i mination was not successtul lt the presence ol sodiun acetate, further 
cee : bromination gave moderate vicids of a di- and (impure) tri-bromoketone Part of 
ot 
a a was obtained from this reaction or from the bromination mixture. The most promising 
7 approa nitrosation of the ketor . {X) with s-butvl nitrite and potassium /- 
cl 
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amount of a product thought to be (XX) (the structures are discussed below) and (XIX) 
was hydrolysed by acid or alkali to the ketone (XX1I), identical with the main product 
from the lithium reduction of the ketone (XIV). This series of reactions (a) shows that 
the main products from the reductions of (X) and (XIV) belong to the same stereo- 
chemical series, (b) strongly supports the assignment of a trans configuration to the 
C/ D-ring fusion, although the high yield of the f-oxoester (XVIII) may be due to the 
reversibility of methoxycarbonylation and low solubility of the sodium derivative of 
(XVIII), and (c) shows that the 2-methyl group in the ketone (XXI) is equatorial 
(i.e. x-oriented), because the conditions of the hydrolysis should suffice to ensure 
equilibration. The ketone (X) was also reduced with lithium and ethanol in liquid 
and from product the ketones (XVII) and (XXII) were isolated in low yield through a 
Girard separation and alcohol (XXIV) in up to 40°% yield either directly or from the 
nonketonic fraction. The alcohol (XXIV) was oxidised by chromium trioxide in 
pyridine to the trans ketone (XVII) and the hydroxyl group was assigned the equa- 
torial ““f"’-configuration on the basis of the method of formation.” It is interesting to 
note that the oxidation of the alcohol (XXIV) produced a small quantity of the 
unsaturated ketone (X). The oxidation of a similar alcohol to an unsaturated ketone 
by chromic acid has been reported,'® but chromium trioxide in pyridine is usually 
regarded as very selective and not likely to give the variety of by-products commonly 
found with chromic acid in acidic solvents. 

The lithium reductions described above were not suitable on a preparative scale 
because of the tedious separations and moderate ov erall yields, and catalytic hydrogen- 
ation was considered as an alternative. Although A'‘*’-octalin (XXVII) and many 


20 when reduced catalytically, 


related compounds give predominantly cisdecalins 
some simple exceptions, as well as the more complex examples, such as cholesterol, 
are now known.”*.2!_ It has been suggested that catalyst hindrance’ leads to reduction 
to a transdecalin when there are bulky groups (such as a 10-methoxycarbonyl group) 
hindering the normal reduction to a cisdecalin,”® but the basic cause of the tendency 


to give a cisdecalin has only recently been discussed. Hadler* considered the steric 


OO 


\Y4 

J 
MeO’ 
(XXVIII XT ) ( ) 


repulsions experienced by the two hydrogen atoms forming part of a 6-membered 
ring transition complex (two catalvst active sites. the two hydrogen atoms being added 
and the two carbon atoms of the original double bond), which was assumed to have 
the shape of the product. This approach cleat ly explains the course of the reduction of 
cholest-4- and 5-ene. and the influence of 3«- and 3f-substituents in the latter, but the 
18 FE. P. Oliveto, C. Gerold, and E. B. Herschberg hid. 76, 6113 (1954): P. A. Robins and J. Walker 
J. Chem. Soc. 3260 (1956) 
wy, Arkley. \ Robertson, and 
a Tweit, and R. I ac al imer. Chen 77. 48 (1955) 


nd A. J. Tomasewski id. 411; Y anagita, K. Yamakawa, A. Tahara, and H. Ogura 


20, 1767 (1955) 


| 

a 

4 

21 A. S. Dreid 
J. Org. Chen. 


56 M. J. Tempte Rosinson 


effect of a bulky angular group is underemphasised. From the alternative extreme 
Viewpoint, Robinson** considered the hindrance offered to the two modes of adsorp- 


tion of the molecule on the catalyst surface,’ this being equivalent to assuming that the 


transition state has the same geometry as the reactant. Thus A'*’-octalin is folded i 

both the possidie con! rmations (XXVIla) and (XXVIIb) and the adsorption of the 
he i] ; | 

open side of the molecule on the catalyst will lead to reduction to cisdecalin. If a 


bulky angular group is present, approach to the double bond is less hindered in 


(XXVITb) und this will be tne fave ured one [o! reductk n But 1 polyeyvcliic COm- 


pounds the conformation will be fixed, for example cholesterol corresponds to 
(XXVila), in which the C,,,,*-methy! group will be most hindering, thereby favouring 
adsorptior of the othe side of the molecule When cons deri vy the reduction ol the ' 
ketone (X) the problem is less simple, because the reduction cannot be stopped at the 
ketones (XVII) and (XXI) (see below), and there must be some doubt about which 5] 
Stage comes first Furthermore, when using Hadler’s approach bot possible con- 
formations (see Fig.) for the cisoctahydrophenanthrenes, e.g. (XXIla) and (XXIIb) 
which are presumably readily interconvertible, must be considered. If the 4:12-double 
bond IS reduced first, catalyst ! indrance Will lead predon inal tly tou v frans-ketone 
(XVII) because the 1 l-methy group should be more effect ve than the ¢ ind ¢ 


methylene groups, but following Hadler, the predicted yields are in the order (XXIIb) 


(XVII)>(XXIla). The second stage of the reduction should give mainly equatorial 


hvdroxyl g Oups with the catalyst used If t e carbonyl group Is reduced Ss product 
Stadility and steric hindrance Dot favour the 3 “aICONO! (XXVIII) s This 
ilcohol will be reduced specifically to the trans-3 -alcohol (XXIV) through catalyst 


hindrance, but not otherwise, and the less abundant 3**x”’-alcohol (XXXI) will be 
reduced to the cis-3**x"-alcohol (XXXII) (in the conformation XXXIIb rather than 
XXXl1la) if Hadler is correct, but not specifically through hindrance. The overall 


rest lt Ss SNOUIG ead ainiy tO ans products and 


Hadler ‘ products would De expected SINCE the reducl ( tne ketone 
(X). the 3" alcohol (XXVIII). and the ester (XII) "Ves a ira product and agrees 
with the recently reported** reduction of the ketone (XXXIII) to (XXXIV) (XXXIV 


rted int ta sdran rer » he the 


3 
Be 
. 

| 

E 

guice 
‘ 
~ 
ON SAN 
4 
- 
XXXII XXXIV 
ot When the ketone (X) was reduced catalytically, the alcohol (XXIV) was formed i 
60 a no Taare ot of ik int vdroven miak crm fing 
the ketone (XVII), and pri y reductior e carbonyl group toa 3°""-hydroxy 
was tricd nprove e vield. It is Deen sted that the ratio of amounts ol 
*Sicro : 
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epimeric alcohol formed by the metal borohydride reduction of a ketone is determined 
by a balance between steric hindrance to the approach of the rea; nd the relative 
stabilities of the developing products,“ the usual result being that the product contains 


less stable epimer h ne Orium mixture 


of 


en-3-ols are 
ydrides are 
] i bil «al ic. and seem that the ketone 
sp lly to the 3°p”’-alcohol (XXVIII) by pota m boro- 


red | 


(XXVIII) was obtained in yield, but when it was 


Or it eit 


hol (XXIV )to account [or 


Os 


XVITL), ar 


; 
q 
more Of th Lithium aluminium 
+ 
hydride reduction of cholest-l-en-3-one gave 90°. cholest-l-en-35-ol,” and 5- 
: me hexen-3-one similarly gave 93 of cis-5-methylcyc/ohexen-3-ol, although 
eo the equilibrium amount is only 55°¢ at 100° ** and there is no marked steric hindrance. 
2 The reductions of son 
more stereospecific tl 
(X) might be 
hydride. The alcohol 
07 reduced catalytically the reduction was complete when only 80°, of the theoretical 
amount of hydrogen had Deen adsorbed The contaminant must ave been tne ; 
Saturated alcohol (XXIV), since this was oODtained quantitatively and nearly pure from ‘ 
ia, this ydrogenation The alcohols (XXIV) and (XXVIII) did not depress each other’s 
ees meiting-points very much and probdaDly form a solid solution, since crysta Sation of 
7. the latter did not raise EN ing-point, although it must have contained 
c. 20 the the hydrogenation. Metal borohydride 
hoe reductk of double bonds conjugated with carbonyl groups has been reported.- ‘ 
CUULLIA Welds ILSS Wile ul aii iu Was USCU 
Potassit OTONVGTICC eduction of the Kets e (XIV) gave a1 Ature tf tne 
oe alcohol (X XV), contaminated with about 15°. of the unsaturated alcohol (XXX), was ’ 
ie isolated in 30°. yield. When this mixture was reduced catalytically, the pure alcoho 
KXV) i to the ketone (X XI). With anhvdro 
Was tained ana ine latter Was OXICISCC ACLONE a YOrOUS 
acid e alcohe==( XXVIII) and (XXX) gave tense orange co itions WNIC 
changed slowly to blue \ similar slow change in acid solutions of some diary!- ‘ : 
etn yi. “ads peen attr ited. somew nat Dad to re | cnange I! n ad Classical 
** nplex carboniun 
Because the reduction of the ketone (XIV) was less simple than was the case with 
: the ketone (X), the reduction of the esters (XII) and (XIII) was studied as a route to 
the ketone (XXI). These esters would be expected to be reduced to trans products 
provicea e Nomo- L- remains co ) atio is XIla and 
X11 However, any reaction which reduces the conjugation 1n the transition state 
Cased t > > a Cail ay CSS SPVCL i Cstcis 
: (XID) and (XIII) were not hydrogenated under conditions effective with the ketone (X) 
but were slowly reduced by potassium borohydride. The products, e.g. (X XIX) fror 
(X11) ere mixtures which could not be separated by crystallisation and whic 
prooaod contained some oT the Saturated aiconois suc as (X XVI). obtained in 75 
but provides the best route to the ketone (XX1), since the oxidation of the ester (XX VI) 
to the ester (XIX). previously prepared by methylating (HEB, and the subsequen ; 
hvdrolvsis to (X XI) were both nearly quantitative As in the oxidation of the aicohol 
H. L. P.B ‘4 
FS M. Velasc d R enk j 482 ‘4 ; 
A. G.I s, N. Jones, P. M. S. Jones, and J. H. 1 : ( S 2757 ‘ 
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(XXIV) some conjugated ketone, presumably (XII), was formed and a relatively long 
time was required (cf. ref. 17). The mixture of products obtained from the ester 
(X11) was not studied. because it did not offer a useful route to the ketone (X XI) 
The sequence 111, V, VI, VIL, VIEL, IX, X, XL XXVI, XIX, 
was the best route 

The structures give he methylation products (X11), (XTID), (XTX), and (XX) 


cs 


of (XXX) 


EXPERIMENTAI 


3a 
q 
= 
can now be discussed orey nas shown that Dromination Of 
a axial products when kinetically controlled, Johns nas sugecsicd that t iv be oe 
oe true of cationoid substitutions of enols in general, and Robinson has noted other Be ie 
~ lr dit ine orde of decreas specificity the reductio the 
i ketones (X), (XII), and (XII) was probably due to the differences in the sizes of the : 
axial 2 nvarogen, meth ind methoxvcarbo the mcreas of the 
and (X11 la) conto | evidence a oesic (X11) 
w ic ave Dec wn ive ihe same conti and cma products 
iro the methylations of (XI) and (XVII1) respec ciy, as (he methyl 
| 
It may be thou ne cont! ira cd ins Work are an 
concerned which would then c with Hadk ou »be p ble 
then hvdrogenatio ves the le 1 (XXXII Bu cil produc whity 
ri ihe hall-Doat for is Xb) mcn ca rust « 
the increased ce leadu » the 3 n 
require il the est X11) and (XI111), react conformation, s be 
_ ess specific t (X) and pports the ody of evidence ans 
specifier ent rt colu fa Iype A, Me 
lations unnes clo next Cho Int spectra were 
6-M Smet (AN). 6Methoxv-S-methvitetralin (1) (100 was 
: 
dilut in cact will B to Ihe tetrak c was Ce n 
a. benzene with alun i, and needed no Turther purification (/4 mp. tiv Z 
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(Martin and Robinson claim an average yield 70°,, m.p. 103-105", with m.p. 112-113 
after purification) 

6- (V). 6-Methoxy-5-methyl- 
1-tetralone (33-2 ¢). sodium methoxide (from sodium, 11-5 g) and methyl carbonate 
(125 cc.. distilled from sodium hydride) were boiled under reflux with stirring in a 
nitrogen atmosphere (? hours). Methanol (200 c.c.) and methyl! iodide (40 c.c.) were 
added to the cooled solution, and stirring was continued overnight at room tempera- 
ture and then at the boiling-point (30 min) The solution was neutralised with 2 N- 
acetic acid and evaporated lei il which sl ain hen shaken with 
watcr he crude ester, in benzene, was ri wit! umina at crvstallised 
from lig! petroleum as large prisn ‘Se 1¢ residu rom two runs 
were recycled and the tal ¥ as 1 ina bit n obtained 
an overall yield of 65 


6-Methoxy-2:5-dim (ra (V1) A solutior h (40-0 in 


dg c.c.), and wate! was boiled 


ter mond (VI) sepal 


to YA 


me( Vil). 
adacd 


ae ; 
wi 
‘A 
. 
2 N-hyd 1 (90 
“NVGrocnio;4ric acid c.¢ @ceuic ac 
aa m.p li1-—113 the mother liquor when diluted with an equal volume oO rine, 
ther tv of tra mp 0 and m.p 
deposited a further quantity « tetralon 4g) p. 110-113" (yield anc 
a after crystallisation from methanol) bring e total vield mamma®, (E. B. J. Smit! 
reported yvicld, M.p. il. after crystallisation) 
— nitrile (5-0 g, 25 excess), in dry f-Dutanol (5 C.c.) du tO a 
stirred suspension of etralone ur, Te) 
potassium /-Dutoxide (from potassium 1-S under nitroge al 
c 
methanol and cooled to VU ving the (VII)(17-4-18-0 2, 92-95 ns n.p 
"4 
cn scpa ited irom met Prisms p 7 (I ‘ 
H. 7-3: 5-5. C,.H,,O.N requires ¢ +6: H N, 
6-Metl (2 art hyl)-2:5-dimethyl-\-tetra IX). The nitrite 
(Vil previous prepal ite if 1 iss ( guc 1S 
reduced pressure and | residuc wa dded to 4 N-acetic ac 
The precipitated a VIII) separated gueous acetic acid slende 
necaics Of the rai (acco i] | 4 f H 
requires C, 65:3; H wh eadily lost water a 
C, 69-6: H 4. C,,H.,,O, requires C, 69°5; H For prey ive pu 
crude acid was dricd ipora c. and V ‘ 
ter las im her vitk 
methyl ester (AX) cryst ed ove! at O°”. and, after decok enze¢ with 
| ivy. ror from 
4 
the nitrile), m.p. 101-1025" (Found: ¢ O04; H &. C,.H,.O, requires ¢ 
| :2:3:9: 10:1 1-Hexahydro-7-metl 8:1 1-dimethyl-3 henanthrene (X 
Methoxy 2 »-dimetny tetraione (20) was ack cd to Lassa om Lassiuni 
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irs gui ind c Was § Cd and cvapora 
css sire trogen if Diet dul Mec 
; 
Aft 
" ib 
( 


. 
d: 9-5; H, 7-6. C,.H,,O, rec es ( H 


d « ihe res pasty s Ke n 
" < 

| X f 
C, 793: H, 78 4 arated 


product were p ™ DULONICE Duly cc VOTO sed 
> 
. 
(Found: C, 72 H, 83. C, ,H,.O, requires C, 72-3; H, 85°.) 
R >. 2-4 - > 
B 9°10 Hex hoxy-S | 3-0) a 
ire? \) i) Bre tt OU 1 c.c.) Was added to the acetone 
™ } ind SOK tc acel » Sia Sci l \) % . 
Ite 1 and aqueous acetic acid (1:1, 4 c.c.) was then added dri 
the ¢ mn 140_1 2 } ‘noarated fram met!) no 
n siender needies p. 162-6-164 (Found: C, 60-8: H ae Gol O.B 
requires 60-9: H Br. I eZ 4-dinitr NCNVINVATa ne separated on 


ethyl acetate in scarlet needles, m.p. 209-211° (decomp.) (Found: C, 53-8; H, 48: 


4 
H, 7-4; N, 13-6. C,,H,,O,N, requires C, 69-0; H, 7-4; N, 134°.) 
ib) 6-Methoxy -methoxvc irbonvieth one (1X) (28 4, 
4 
— 
H ON es 4 H N } W sodium ¢ and etnvi 
| 
: 
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C,,H,,O,N,Br requir 
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Br, 15:7. Ses 538; H, 45; Br, 155%). The 6-bromo 
derivative was m.p. 162-5-164°) after boiling (12 hours) with sodium 
celate methanol 
The ¢ hromo derivative (0-285 ¢). bromine 8 sod cetat 30 g) 
and acetic acid (3 c. ere heated at 50 til « ess 0 n water 
: 
a Found: C, 49 N, 4 Br, 39-0. C,-H,.O.Br, re res C, 49-3: H. 4-4: Br, 
The 2:4 sep ted el etate isters 
f scarlet needles, m.p. 250-252° (Found: C, 468; H, 3-7; N, 96: Br, 26-4 
C..H,.O.N,Br. rec es C, 46°5: 3 N, 9-4: Br. 26°9 [he 6:x-dibromo 
e did not react sodium acetate metna 
( 19-8: H. 3-¢ Br. 47-3. C,-H,-O.B equires C, 41-4: 3-5: Br, 48-3 Part 
XI). M e was ed d 
149 13 C, 72-4: H, 7 C,,H..O, requires 
C, 72°6: H, 7 d afte seconds with 
‘ acetate ed needles p. 219-22 d: ¢ 8; H, 5-6. C,,H..O-.N, requires 
: C, 60-7; H, 5:3°,) 
| anthrene (XU and XII Me C ea etha were § y distilled 
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methoxide (from sodium, 0-6 g), and methyl carbonate (b.p. 89°, 60 c.c., freshly 
distilled from sodium hydride, with two 20-c.c. portions added after 20 min and | 
hour respectively). The rate of distillation was 20 c.c., b.p. 70-87", in the first 20 min, 
20 c.c., b.p. 87-89°, in the next hour, and 20 c.c., b.p. 89°, in the following 3 hours. 
The resulting yellow slurry was treated with methy! iodide (10 c.c.), boiled (12 hours), 
cooled, and shaken with water and chloroform. The organic layer was evaporated, 
leaving a residue (6-4 g, 98",), m.p 170-180°, which gave no coloration with ferric 
chloride in methanol, and which on crystallisation from chloroform-methanol (1:5) 
gave +- - 7 - methoxy -me 
trimethyl-3-oxophenanthrene (X11) as pale yellow plates (4:72 g, 72°,,), m.p. 192°5-194 
(unchanged after crystallisation of this compound from methanol), ZMeOM 949 330 mu 
(e 12,200, 21,300) (Found: C, 73-1; H, 7:3. Cy gH,,O, requires C, 73-1; H, 7-4",) 
This compound, when treated with bromine (one molecular equivalent) and 
sodium acetate in acetic acid at room temperature gave a 6-bromo derivative, which 
separated from ethanol in prismatic needles, m.p. 190 192° (Found: C, 59-0; H, 5-8: 
Br, 19-6. C,,H,,0,Br requires C, 59-0; H, 5-7; Br, 19°6°.). The residue from the 
chloroform mother liquors was crystallised thrice from benzene-light petroleum, 
giving 
trimethyl-3-oxophenanthrene (XI111) as pale yellow needles (0-80 g, | ), m.p. 
161-164°, 248.330 my (e 13,200, 23,700) (Found: C, 73:1; H, CypH,,O, 
requires C, 73-1; H, 

- Hexahvdro-7 -methoxy -trimethyl - 3 - oxophenan - 
threne (XIV). The f-oxoester (XII) (0-72 g), sodium hydroxide (1-0 g), methanol 


(25 c¢.c.). and water (5c.c.) were boiled (1 day). The solution was concentrated to 


c. 1Se¢.c. and treated, at the boil, with water (15 c.c.) added dropwise, giving the 
2**x"-methyl ketone (X1V) (0-56 g, 95°,), m.p. 159-162°, which separated from 
methanol in prisms, m.p. 160-5 162-5°, AMeO™ 948. 328 mu 13.800, 21.500) (Found: 


C, 79-7; H, C,,H..O, requires C, 80-0; H, 8-2°,). The 2:4-dinitrophenylhydra- 

zone separated from ethyl acetate in scarlet needles, m.p. 222-224 (Found: C, 63-7; 

H. 5-8. C,.H..O-N, requires C, 64-0: H, 5-8°.). When the hydrolysis was stopped 
bag V5 TOY PI 


after 12 hours boiling. sodiwn 


trihydrate (0-08 g, 12°.) crystallised 
from the aqueous filtrate and was recrystallised from moist acetone in needles, 
m.p. 190-200° (decomp.) (Found: C, 58-6; H, 7:1. Cj, gH,,O,Na‘3H,O requires 
C. 58-5: H. 7-0°.). The ketone (XIV) was obtained from the above sodium salt by 
warming with 2 N-acetic acid, and by boiling (10 hours) with 2 N-sodium hydroxide, 
and from the ester (XIII) (previous preparation) by alkaline hydrolysis 

1-2:3:4:9:10: 11° 8:12" - Octahydro -3°p" - hydroxy -7 - methoxy:8:11 -di- 
methylphenanthrene (XXIV). (a) Lithium (0-2 g) was added during 20 min to the 
ketone (X) (0-51 g) in dry dioxan (10 c.c.), ether (10 c.c.), ethanol (2 c.c.), and liquid 
ammonia (150 c¢.c.). When the blue colour had faded, ammonium chloride (2 g) 
was added and the ammonia was evaporated. The residue was washed with water 
and then crystallised twice from methanol, giving the alcohol (XXIV) (0-21 g, 40°.) 
as slender needles, m.p. 154-157" (Found: C, 78-7; H, 9-2. C,,H,,O, requires 
C, 78-4; H, 

(b) The ketone (X) (0-51 g) in methanol (40 c.c.) was reduced with hydrogen 
(uptake 3-99 atoms per molecule during 4-8 hours) in the presence of palladium on 


a= 
— 
v . 
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strontium carbonate (5°,, 0-25 g) at atmospheric pressure and room temperature. 
The resulting solution was filtered through sodium sulphate and evaporated, leaving a 
residue (0-51 g, no colour with formic acid) which crystallised from methanol, giving 
the alcohol (XXIV) (0:30 g, 60°) as needles, m.p. 154-157", undepressed by the 
specimen prepared above. 

(c) Potassium borohydride (0-3 g) in water (1-5 g) was added to the ketone (X) 
(1-00 g) suspended in methanol (20 c.c.), the mixture was left overnight at 30° and 
then treated with water (10 c.c.) added dropwise. After 2 hours the precipitated solid 
was collected and washed with water, giving 1:2:3:9:10:11°"-hexahydro-3" p”-hydroxy- 


(XXVIII) (0°83-0°87 g, 82-86%), m.p. 157 

160°, which separated from methanol in irregular plates, m.p. 159-161", AMCOHN 967 mu 
(e 15,900). The melting-point of this alcohol was depressed only to 151—155° when this 
unsaturated alcohol was mixed with an equal weight of the saturated alcohol (XXIV), 
m.p. 154-157°. The alcohol (XXVIII) (0°80 g) in ethanol (20 c.c.) was reduced with 
hydrogen (uptake 1-6—1-7 atoms per molecule in |—2 hours) in the presence of palla- 
dium on strontium carbonate(5 °,, 0-8 g) at atmospheric pressure and room temperature. 


The resulting solution was filtered through sodium sulphate and evaporated, leaving 


the alcohol (XXIV) (0°80 g, 99%) m.p. 154-157", undepressed by the specimens 
prepared above. The acetate, prepared with acetic anhydride in pyridine at room 
temperature, separated from methanol in needles, m.p. 93-94" (Found: C, 75-5; 
H, 8°8. 0, requires C, 75-5; H, 8°7%,). 

(two iso- 
mers, XVII and XXII). (a) The ketone (X) (0-51 g) in toluene (5 c.c.) and ether (15 c.c.) 
was added to lithium (0-040 g) in liquid ammonia (50 c.c.) and the mixture was stirred 
(4 hours). After the addition of ammonium chloride (1 g) and evaporation, the 
product (0°50 g) was isolated with ether and dissolved in boiling methanol (5 c.c.) 
containing 2 N-hydrochloric acid (1 drop), from which 1:2:3:4:9:10:11°p":12"a”- 
octahydro-3:3:7-trimethoxy-8:11"p"-dimethylphenanthrene (the dimethyl ketal of the 
trans ketone XVII) separated in prisms (0°30 g, 50°,), m.p. 115-117 (Found: C, 
74-9; H, 9-3. C,,gH,.O, requires C, 75-0; H, 9°3°,). The dimethyl ketal (0-195 g)- 
toluene-p-sulphonic acid (0-01 g) and acetone (4 c.c.) were boiled (15 min). When the 
resulting solution was evaporated to about 2 c.c. and diluted with water (4 c.c.), the 
trans ketone (XVII) separated in stout needles (0-14 g, 85%), m.p. 140-141" (Found: 
C, 79-0; H, 8-9. C,,H.O, requires C, 79-0; H, 8°6°,). The 2:4-dinitrophenylhydra- 
zone separated from ethyl acetate in yellow prisms, m.p. 221-223" (Found: C, 63-5; 
H, 5-9. C,,H gO;N, requires C, 63-2; H, 6°0°,). The crude product from the above 
reduction, after slow crystallisation from methanol, could be separated by hand- 
picking, giving the trans ketone (XVII) as irregular lumps, m.p. 137-140" (undepressed 
by a pure specimen), and the cis ketone (XXII) which separated from methanol after 
three crystallisations as plates, m.p. 99-101" (Found: C, 79:2; H, 8-4"). Neither 
isomer gave any coloration in formic acid 

(b) -Octahydro - - hydroxy - 7- methoxy - 8:11” -di- 
methylphenanthrene (XXIV) (0-5 g) in pyridine (Sc.c.) was added to chromium 
trioxide (0-5 g) in pyridine (5 c.c.). After 12 hours ether and water were added and the 
ethereal layer was evaporated on the water-bath. The residue (mainly pyridine) was 
diluted with water (10 c.c.) and the product (0-40 g, 80°,, pale yellow coloration with 
formic acid), m.p. 138-140", was crystallised from methanol, giving the trans ketone 


; 
j 
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(XVII), m.p. 140-141", undepressed by the specimen prepared above. When the 
aqueous pyridine mother liquors were diluted again with water, a precipitate formed 
which gave a strong formic acid colorisation, qualitatively similar to that given by the 
ketone (X), and which formed a red-brown precipitate with 2:4-dinitrophenylhydrazine 
but too little material was available for purification 
1:2:3:4:9:10:11°° - Octahydro-7 - methoxy 
dimethyl-3-oxophenanthrene The trans ketone (XVII) (0-50 g), sodium meth- 
oxide (from sodium, 0-2 g), and methyl carbonate (15 c.c.) were boiled (4 hours) 
After cooling, aqueous sodium dihydrogen phosphate and ether were added and the 
laver was ap rated ca\ tl }-oxoester (XVIII) (0°60 g, YS 
separated from methanol in needles, m.p. 150—151° (Found 
O, requires C, 72:1; H, 7-7"°.). This p-oxoester gave a violet colour 
loride 


y-/-memoxy-2 


i The (X11) (4 in 
tetrahydrofuran (80 c.c.) ¢ methanol (100 c.c.) at 50° was treated with potassium 
borohydride (3-0 g) in water (10 c.c.) and the mixture was left at 50° (30 min) and at 
room temperature (12 hours). The reduction was complete when an acidified sample, 
boiled (1 hour) with an excess of alkali, formed no 2 4-dinitrop! envihydrazone after 
reacidification. 1 tion was acidified with acetic acid until no more hydrogen 
was evolved ated and diluted slowly with 
ind the resu Slurry wa lOO’ for lO mu 


4 iro.x 


(XXX) wi llected 252 p. h presoftening) 


sea trom rorol inal | | d s 


$00) (Found 2°§ 20 requil H 


pressur©re 


ler reduced 


loride), m.p 


ra 

4 

: 
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- 
xperiment the yield Of crude product was nearly theoretical dul the purit \ much 
ing er and recrystallisation was necessary before the next reactior The 1 iturated 
4 xKvestel susSpe aed il cl anol (100 ¢ is reduced with | (the 
he 1) ratel sho) roy temperature in ti] 
used) ihe presence ol palladi im on stronuur carpvonate during 3 
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} (WI at V conected and tne crystallised 
irom nethnanoil (1:4) prisms, m.p. 200-202° (Found ( 2°2 H, &-5 
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3-oxophenanthrene (X1X). (a) The f-oxoester (XVII1) (0°30 g) 
in met } a rea ed successively wit sodium methnoxide tit n sodium 
cg 0-3 ¢) and methyl! todide (2-5 c.c.) and the mixture was left (12 hours) at room tem- 

perature. | ilt lution was iken with ether and water (containing acetK 
ee acid, 3 drops) and the ethereal layer was evaporated undamaged pressure. The i 

cI tall ctf +) 2 -methvl det XIX) 
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173-175 (Found: ¢ 2-6; H, 8-0. C.,H,,O, requires ¢ 2 H, 7-9°.). From the 
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mother liquors was isolated a small quantity of a substance separating from methanol 
in prisms, m.p. 168—169-5°, which was almost certainly the 2*‘x’’-methyl ester (XX), 
although satisfactory analytical figures were not obtained. (Found: C, 71-1; H, 7-6°%). 
(b) The hydroxyester (XXVI) (2°65 g) in pyridine (30 c.c.) at c. 30° was added to 
chromium trioxide (2-5 g) in pyridine (25 c.c.), and the mixture was left (36 hours) at 
20°. Ether (40 c.c.) and chloroform (20 c.c.), followed after 5 min by water (50 c.c.), 
were added and the mixture was filtered. The organic layer was washed with water and 
evaporated to dryness (100°/15 mm). The residue (2-47 g, 94%), m.p. 169-171-5 
(with softening at 162°), crystallised from chloroform-methanol (1:3), giving the 
P-oxoester (XIX), m.p. 172-174", undepressed by the specimen prepared above. The 
crude product gave a weak coloration with formic acid, which was presumably due to 
a trace of the unsaturated /-ketoester (XII). When the oxidation was stopped after 
only 12 hours, some of the hydroxyester (XX VI) remained unchanged and could not 
be completely removed by crystallisation, but a pure product was obtained after 
treatment with succinic anhydride in pyridine (12 hours at room temperature) and 
dilute alkali. 

3-oxophenanthrene (two isomers, XXI and XXIII). (a) 
methoxy-2**«’"’:8:11°p"’-trimethyl-3-oxophenanthrene (XIV) (0°54 g) in toluene (5 c.c.) 
and ether (10 c.c.) was added to lithium (0°04 g) in liquid ammonia (100 c.c.). After 
2 hours lithium (0-02 g), and after a further 4 hours ammonium chloride (1 g), were 


added, and the solvents were evaporated. The product, isolated with ether, crystallised 


from methanol as prisms (0°51 g, 94%), m.p. 109-115", unchanged by further crystal- 


lisation from methanol, and the mixture of ketones were converted into ethylene 


ketals. Benzene (c. 400 c.c.) was slowly di 


stilled during 3 hours from a stirred mixture 
of the mixed ketones (0-50 g), ethylene glycol (2 c.c.), toluene-p-sulphonic acid (0-02 g), 
and dry benzene (volume maintained at 50 « The cooled solution was washed 
with N-sodium hydrogen carbonate (2 -d and evaporated. The residue, 
under ether-methanol,. crystallised after several days. giving the ethylene ketal of the 
trans ketone (XXI), which separated from methanol containing pyridine (1 drop) as 
prisms (0-31 g, m.p. 100-102" (Found: C, 75-9; H, 8°9. Cy requires C, 


5-9: H. 8&9 ) This ketal (0-20 g), acetone (3 c.c.), and 10-N hydrochloric acid 
(0-05 c.c.) were boiled (15 min) and then treated with water (3 c.c.) added dropwise, 
giving the trans Ketone (XXI) (0-155 g, 90°,), m.p. 120-125", which separated 
from methanol in granules (0-14 g, 80°), m.p. 126-128" (Found: C, 79-4; H, 8-8. 
C,,H,,O, requires C, 79-3; H, 8-8"). The 2:4-dinitrophenylhydrazone separated from 
ethyl acetate in orange needles, m.p. 198-202" (Found: C, 63-6; H, C,,H,,O;N, 
requires C, 63-7; H, 6:2°.). The residues from the crystallisation of the ketal were 
hydrolysed in the same way as the crystalline ketal and the product slowly separated 
as prisms when seeded with the original mixture of ketones. After trituration with 
methanol, the prisms, m.p. 95-105", dissolved readily in boiling methanol and sparingly 
soluble plates immediately separated, and after two more crystallisations from 
methanol the 2° C’’-methy/ cis ketone (XXI11) was obtained in irregular plates (0-03 g, 
10°,), m.p. 137-140" (Found: C, 78-8; H, 8-7. C,.H,.,O, requires C, 79-3; H, 8-8 °%%). 


which was 


This specimen showed a weak infra-red absorption band at 1650 cm 
presumably due to a small amount of the unreduced ketone (XIV). 


(b) Potassium borohydride (0-5 g) in water (3 c.c.) was added to the ketone (XIV) 
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4 
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(0-50 g) in tetrahvdrofuran (10 c.c.) and methanol (5 c.c.). The solution was left 


(12 hours) at 30°, concentrated to c. 5 c.c. and then left (4 hours) at O°. The product 


(0-40 g), m.p. 135-145", was collected and crystallised twice from methanol, giving 


m.p. 160-163", which gave an orange coloration 


ippeared to be mi 
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Die Nesmejanow-Reaktion wurde spiiter zu einer Methode der Synthese metall- 


ischer Verbindungen des Quecksilbers.2~* Zinns,’* Bleis,’:"’ Arsens," Anti- 
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beschleunigen, in welchem ihre Elektronabstossenden Eigenschaften steigen: 
O.N < Cl <H < CH, <C,H,O 
er bestimmende Faktor 


Da die Elektronen-Dichte bei Radikalreaktionen 
1 eit der Reaktions- 


ein acn IL 


*he z.B.**), so ist eine solche e 
geschwindigkeit von den elektronegativen Eigenschaften der Substituenten unverstand- 
lich, wenn die Reaktion als eine homolytische aufgefasst wird 

Die beobachtete Abhingigkeit kann aber bei der Annahme eines heterolytischer 
ng *n durch das Eisenpulver ihre 


Charakters der Zersetzu 


Erklarung erhalten, z.B 


n Anste 
n fallt die Reaktion 


lente 


: 
— — | 
i—~ — Sb Ar N + Fe SD | ar N 
. 
N ~ N 
+F e 
. 
~ 
A 
Dabei ist es ganz nat ch, dass die Zersetzu les intermediir gebildeten Doppel- 
salzes (B) die Addition des Aryl-Kations eien Elek enp des Antimons) 
durch die Substituenten | Ordnung beschie und durch die Subdstituenten 11 
Ordnung verzogert d 
Die Abhangigkeit de Zerset ungsgescnw Gg Keil der Doppelsa re 
CH,—SbCl,-Y N.C 
vom Charakter des Substituenten ¥ 
C.H.SbCI,-Y N.C e C.AA N 
ist auch durch die Annahme des heterolytischen Charakters der untersuchten Reaktior 
. erklirb en der elektronenabstossenden Eigenschaften der Sub- 
~ 
H CH C,H.O 
oe *D. Hey Quarterly Reviews 8, 308 (1954) 
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In dem Falle, wenn Y-Substituenten If Ordnung sind (NO,, COOC,H;), ist das 
Doppelsalz in der Acetonlésung merklich dissoziiert und bei der Einwirkung von 


Eisenpulver verlaufen zwei Reaktionen: die Zersetzung des Doppelsalzes und die 
Zersetzung des freien Aryldiazoniums 

Die im obene Schema als Zwischenprodukte angegebenen Doppelsalze (B)— 
ArSb Cl,*ArN,Cl wurden von uns nach folgender Reaktion hergestellt 


ArSbCl, + Ar’N,Cl-FeCl,  ArSbCl,-Ar’N,Cl + FeCl, 


und einer systematischen Untersuchung unterworfen 
Dabei konnten wir feststellen, dass die Bestindigkeit dieser Salze verschieden ist 


und vom Charakter von Ar und Ar’ abhingig ist. Folgende Tafel enthalt die von uns 


untersuchten Salze, wobei das Zeichen bedeutet, dass das Salz dargestellt wurde, 


das Zeichen bedeutet dass das Salz nicht existe 


O.NC_H, H,NO,SC,H,Sbt C.H.Sbt H,SbCI 


ONC HN 
H Fe 


p-C,.H.OCOC, HN. CI Fet 


p-CH.COC.H.N 
CH,C,HN.CI Fet 


p-CH,.OC, HN, CI Fet 


CH.N 


C,H,OC Fet 


CH,),NC,H,N, Ct Fe 


Verbindung die Bestindigkeit der Doppelsalze herabsetzen, die gleichen Substituenten 


Man sieht, dass Substituenten | Ordnung im Radikal der antimonorganischen 
im Diazoniumradikal erhéhen sie. Die Substituenten Il Ordnung im Radikal der 
antimonorg inischen Komponente da reven eri die Bestindigkeit. wal rend die- 
selben Substituenten im Diazoniumradikal sie herabsetzen. Viele Salze.—besonders 
solche. die einen Substituenten I] Ordnung im Diazoniumradikal und einen Sub- 


stituenten | Ordnung im Radikal der antimonorganischen Komponente enthalten, 


herzustellen schlugen fehl—es trat eine sofortige 


sind unbestindig und alle Versuche sie her 


Zersetzung unter Bildung des Diarylantimontrichlorids ein 


auf dem heute iiblichen Stand- 


e Erscheinung ist 


punkt liber den Radikalcharakter der Zersetzung det Diazoniumdoppelsalze steht 


ArAr’SbCl N 


Bei der Annahme des heterolytischen Verlaufs der Reaktion 
f[ArSbCl.] Ar’: N ArAr’SbCl, N 


N 


kann die Abhingigkeit der Bestindigkeit von Aryldichlorstibindiazoniumdoppel- 
Ar und Ar 


salzen von dem Charakter von ihre Erklérung erhalten 


’O. A. Reutow u. O. A. Ptizina Ber. Acad. Wiss. UdSSR 102, 291 (1955) 
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Die Unbestiindigkeit von Diazoniumdoppelsalzen mit einem Substituenten II 
Ordnung im Diazoniumradikal ist durch die Wechselwirkung zwischen dem Anion 
der antimonorganischen Verbindung und dem Aryldiazoniumkation bedingt. 
Diese Wechselwirkung kommt dadurch zustande, dass das Antimonatom ein freies 
Elektronenpaar und das mit dem Stickstoff verbundene Ringkohlenstoffatom- eine 
positive Ladung aufweisen, die durch die elektronenabziehende Wirkung des Sub- 


stituenten Il Ordnung bedingt ist. 


Wenn in die Ortho- oder Para-Stellung des Phenyldichlorstibinradikals ein Sub- 


stituent II Ordnung eingefiihrt wird, so verschiebt sich das freie Elektronenpaar des 


Antimon-Atoms zum Benzolring hin 

Dadurch wird die Wechselwirkung des Antimonatoms mit dem K ohlenstoffatom 
Diazonium-Radikals geschwicht, was zum Anwachsen der Bestandigkeit des 

Erklirung dafiir, dass das p-Nitro- 


des 
Doppelsalzes fuihrt Das ist wahrs¢ heinlicl die 
phenyidichlorstibin auch mit solchen Arvidiazohalogeniden bestindige Salze gibt, 


die einen Substituenten If Ordnung enthalten (Acetyl) 


Die angefiihrten Tatsachen zwingen uns, die Vorstellungen von dem homolytischen 


Charakter der Synthese metallorganischer Verbindungen mittels der Diazonium 


4 
4 
/ Sb< + CHC N FeCl, 
3 E 
N 
— 
| Cl 
Cl 
N ~< C-CH N: ¥ \— C— CH. 
= 
7 
Sb Cl + No 
2 | Cl 
{| 
CH, O 
| N —Sb Cc 
O Ci | 
L al 
\ 
N 
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Doppelsalze (—und in erster Linie der Nesmejanow-Reaktion) zu revidieren und die 
Meinung auszusprechen, dass die Reaktion heterolytisch verlauft. 

Betrachten wir nun mehr kurz die Frage des Zusammenhanges der Nesmejanow- 
Reaktion mit der Waters-Reaktion 

Nach Waters™ bildet sich im Verlauf der Nesmejanow-Reaktion bei der Reduktion 
des Doppelsalzes freies Metall, das weiter mit dem Aryldiazoniumhalogenid homo- 


lytisch reagiert, z.B. nach folgenden Schema: 


ArNCl*HgClo+ 2Cu +Hg +Cu.C 
Ar Hg" > ArtHgCl + N- 

Das steht aber im Wiederspruch zu einer Anzahl von Tatsachen: 

1. Bei der Zersetzung des Diazoniumdoppelsalzes des Sublimats durch Silber- 


pulver bildet sich wie in Falle des Cupferpulvers Phenylmercurichlorid.** 
C,H,N,Cl-HgCl, + 2Ag C,H, —HgCl + 2AgCl N 
In diesem Falle kann aber die Reaktion nicht durch das Stadium det Bildung 


von metallischem Quecksilber verlaufen, da das Silber nicht imstande ist, das Queck- 


silber aus dem Sublimat zu verdriingen. Ganz ihnlich kann die Zersetzung von 


Diazoniumdoppelsalzen des Zinntetrachlorids, Bleitetrachlorids und Bleidichlorids 


durch Cupferpulver nicht durch das Stadium des freien Metalls verlaufen,—trotzdem 
fiihrt die Zersetzung zu Zinn und Bleiorganischen Verbindungen 
2. Wenn die Nesmejanow-Reaktion durch das Stadium der Bildung des freien 


Metalls verlaufen wiirde, miisste sie nur dort anwendbar sein, wo auch die Waters- 


Reaktion, die in der Wechselwirkung zwischen Arylidiazoniumchloriden und Metallen 
besteht, zum Ziele fiihrt. In Wirklichkeit kénnen die metallorganischen Verbindungen 
von Wismut, Tallium und Blei nur bei der Nesmejanow-Reaktion erhalten werden 

3. Die Bildung never Metall-Kohlenstoff-Bindungen bei der Zersetzung von 
Diazonium-Doppelsalzen des Aryldichlorstibins, des Aryltetrachlorstibins und des 
Diaryltri rstibins kann durch die Annahme des intermediiiren Auftretens von 
freiem Metall berhaupt n rklis werden Die Bildur 
hier vollig ausgc n, dabei sind dies aktionen nach ihrem Charakter und den 
Reaktionsbedingungen mit den ‘tzungsreaktionen der Metallchloriddiazonium- 
doppel 

Wenn man, dagegen, annimn ass die Waters-Reaktion, véllig oder grésstenteils, 
durch das Stadium der Doppelsalzt 

nArN.Cl 


ArN.Cl 


so erhalten cinige Beobachtungen ihre Erklirung, die bis jetzt unverstindlich waren, 


und 
1. Die Bildung des Arylmerkurichlorids aus ArN,.Cl und Quecksilber verliuft 
in einer wisserigen Lésung.*® antimon oder arsen-organische Verbindungen bilden 


** A. N. Nesmejanow i hhandlunge: shauer N 3, 291 (1934) 
R. McClure u. A. Lowy 
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sich unter diesen Bedingungen aber nicht. Das erklart sich dadurch, dass SbCl, und 
AsCl,, die sich bei der Reaktion zwischen ArN,Cl und den entsprechenden Metallen 
bilden,—durch das Wasser hydrolysiert werden und keine Diazoniumdoppelsalze 
bilden kénnen. Das entsprechende Quecksilber-Salz wird aber nicht hydrolysiert 
und kann das Doppelsalz mit ArN,Cl bilden. Dieses Doppelsalz gibt, wie wir zeigen 
konnten. bei der Zersetzung mit feinverteiltem Quecksilber im wiasserigen Medium das 
Arylmerkurichlorid 

2. Es ist verstandlich, warum die metallorganischen Verbindungen von Bi und 
T! nur nach der Nesmejanow-Reaktion gebildet werden, die Waters-Reaktion aber 
versagt 

Der Grund dafiir ist wahrscheinlich der, dass die Reaktion zwischen ArN,Cl und 
Bi oder Tl in der Kalte nicht zustandekommt. Bei erhéhter Temperatur ist, aber, das 
Gleichgewicht 


ArN,Cl-MeCl, == ArN,Cl + MeCli, 


stark nach rechts verschoben und durch das Metall wird nicht das Diazoniumdoppel- 
salz zersetzt, sondern das freie Aryldiazoniumhalogenid, und die Reaktion mit 
diesen Metallen fiihrt nicht zur Bildung metallorganischer Verbindungen. 

Es ist auch nicht verwunderlich, dass die Waters-Reaktion nicht zur Bildung von 
Blei-organischen Verbindungen fiihrt, obwohl ArN,Cl mit Blei in der Kalte reagiert: 
nach der Methode von Nesmejanow bilden sich die Pb-organischen Verbindungen 
auch nur mit winzigen Ausbeuten. 

3. Wenn man anstatt des freien Aryldiazoniums die entsprechenden Zinkchlorid- 


Doppelsalze fiir die Synthese der Antimonorganischen Verbindungen verwendet,” so 


verliuft die Reaktion, wahrscheinlich, nach folgendem Schema: 


3(C,H,N,Cl).-ZnCl, + 2Sb 
(C,H,N,Cl),-ZnCl, + 2SbC! 


> Sb-organische Verbind 


We die Synthese Antimon-organische Verbindungen bei der Reaktion zwischen 
metallischem Sb und den ZnCl,-Diazoniumdoppelsalzen wirklich durch das Stadium 


der Bildung von einem Antimontrichloriddiazonium-Doppelsalz verlauft, so muss, 


offensichtlich. die Zersetzung des letzteren Salzes durch das metallische Anttmon zu 
einer hGheren Ausbeute von Sb-organischen Verbindungen fihrer 

Waters berichtet, dass bei der Zersetzung von Zinkchloriddiazoniumdoppelsalzen 
die Sb en Verbindu! Fen I = \ ispeute erhalte werdel bel der 
Zersetzung von Antimontrichloriddiazoniumdoppelsalzen- nur mit ciner 11 “.- 


Ausbeute. Das widerspricht unserer Auffass 

Die Wiederholung der Versuche von Waters zeigte aber, dass er aus der Reaktions- 
masse nur einen Teil der gebildeten Antimonorganischen Verbindungen—niamlich die 
Triarvidichlorstibine, isolierte. Die von ihm angefiihrten Zahlen entsprechen darum 
nicht der Gesamtausbeute der Sb-organischen Verbindungen In Wirklichkeit 
bilden sich aus Zinkchloriddiazoniumdoppelsalzen Sb-organische Verbindungen mit 
einer Ausbeute von 36°., aus Antimontrichloriddiazoniumdoppelsalzen—mit einer 


Ausbeute von 46 


W J. Chem. Soc. 843 (1938) 
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Diese Resultate stehen mit dem oben angefiihrten Reaktionschema im Einklang 


Auch die } t bacht atsache, dass ein Uberschuss von Zn¢ |, die Ausbeuten 


u esmecy}anow issenl Wi ocn Garau iInweisen, 
dass die Dissoziatio der Diazonn Ppcisaize 
<a die besten Ausbeuten bei der N R | 
e 
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SYNTHESE DE DERIVES DE L’IMIDAZOLINO- 

[1,2-cJPYRIMIDINE ET CARACTERISATION DE 

CES PRODUITS PAR LEURS DIAGRAMMES 
DE POUDRE (RAYONS X)* 
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nettant en jeu la fonction amine presente en position 5 (cyclisation b) 


NH, 


SCHEMA 


ation de la 
tique donne 


ue au ¢ epart 
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H, 
CH NH CH, -CH,—Ci 
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> > 
R 
§ 
¥ ¥ 
NH 
R OH. SH 
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Synthése de dérivés de l’'imidazolino-[1,2-c]pyrimidine 


(3) la méthode de Johnson et Matsuo,‘ par action d’acide nitrique fumant, a 
nous a fourni le nitrouracile avec un rendement quantitatif 


50-60 


Le 5-nitrouracile ainsi obtenu est ensuite traite par un mélange d’oxychlorure de 
nitropyrimidine avec 


® nour donner la 2,4-dichloro-5- 


le 
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de ce compos 
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ac 
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l’aminolyse selective et position 4de la 2,.4-di py e esl 
.) a realisee au yen de la . loréthylamine, en pr nce de bicarbonate « in 
un rendement de La selectivite yse a été mise en evidence pat 
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attendus ViR NH,. R OH) et V (R NH,. R SH 
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ais bien (R OH, R NH.,). Cett ne < lion 
amine en ortho du groupe nitro a ete prouvee ave rtitude. U1 educt pe 
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rote nucleaire de la pyrimicine 
dicta. 34, 837 (1951) 
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R. H. MARTIN et J. MATHIEL 
Cette suite de réactions peut étre représentée par le schema suivant: 


SCHEMA B 


SH 


NH—CH,—CH.OH 


par condensation de formylacétate 

d’éethy! a thiourée, est tra *ntasulfure de phosphore dans la pyridine 
comme solvant lle h lue ngsberg et Papa,“ donne de meilleurs 
rendements que celle utilisant la tétraline comme solvant'* (75-80°% au lieu de 65°) 
nolyse de la 2,4-dimercaptopyrimidine au moyen d’éethanolamine conduit 

13 


(IX) avec 80°, de rendement 


ette derniere pyrimidine est traitee par le chlorure de thionyle, et. apres evapor- 


ation du réactif, la 4(2-chloréthyl)amino-2-mercaptopyrimidine brute est chauffée a 
reflux dans eau. Cette solution est ensuite neutralisee par du bicarbonate de sodium 
afin de précipiter le produit cyclise (X). L’ensemble des deux reactions (chloruration 
et cyclisation) est effectuée avec 62 de rendement 


La 5-hydroxy-imidazolino[!,2-c]pyrimidine a ete preparee de deux maniéres 


différentes 4 partir de la 4(2-hydroxyeéthyl)amino-2-mercaptopyrimidine (IX). La 


11 FE. Klinesberg et D. Papa J. Amer. Chem. Soc. 73, 4988 (1951) 
2G. B. Elion et G. H. Hitchings J. Amer. Chem. Soc. 69, 2138 (1947) 
% P. B. Russel, G. B. Elion, E. A. Falco, et G. H. Hitchings J. Amer. Chem. Soc. 71, 2279 (1949) 
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SH S—-CH,--COOH S—CH,-—-COOH 
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premiére voie, qui consiste a cycliser la chaine latérale fixée en 4, puis a hydrolyser le 
groupe mercapto (IX—XIII), donne un rendement global de 26%. La seconde 
méthode, qui consiste a traiter la 2-carboxymethylthio-4(2-hydroxyéthyl)amino- 
pyrimidine par l’acide bromhydrique azéotropique, permet d’obtenir le dérivé XIII 
avec un rendement global de 59% (IX-—+XII—XII]). On réalise ainsi trois réactions 
en une seule operation: hydrolyse du groupe carboxymeéthylthio, bromuration de la 
chaine latérale fixée en 4, et cyclisation de cette derniére sur l’azote nucléaire. 

La 2-carboxymethylthio-4-(2-hydroxyéthyljamino-pyrimidine a également été 
convertie en 2-amino-4-(2-hydroxyethyl)amino-pyrimidine, par action d’"ammoniaque 
en tube scellé a 140° (rendement: 80°). Cette derniere pyrimidine, traitee par 
l'acide bromhydrique azeotropique, a permis d’isoler un derive qui doit étre la 5- 
amino-imidazolino[1,2-c]pyrimidine (XV). Toutefois, la structure du produit obtenu 
par cette reaction n’a pu étre déetermineée avec certitude 

La préparation de nouveaux dérivés de limidazolino[1,2-c]pyrimidine, ainsi 
que celle du systeme cyclique fondamental sans aucun substituant, est actuellement 


poursuivie dans nos laboratoires 


DIAGRAMMES DE RAYONS X (METHODE DES POUDRES) 


Aucun des dérivés de imidazolino[1,2-c]pyrimidine que nous avons préparés n’a 
de point de fusion net. Toutes ces substances se decomposent a des températures 
supérieures a 300° et dans un intervalle de 20 a 30°. Il nous a des lors paru important 
de les caracteriser par une autre methode physique. 

Nous avons établi les diagrammes de rayons X de tous nos produits finaux par la 
méthode des poudres (Debye-Scherrer) en utilisant la radiation CuK, filtree (filtre de 
nickel). Ce mode de caractérisation s'est revele particuli¢rement interessant, car il n’exige 
qu'une trés petite quantité de produit (2 a 3 mg) facilement récupérable; le degré de 
purete de l’echantillon ne doit pas étre trés éleve (90-95 ,) et l'on obtient en outre des 
diagrammes comportant en moyenne 10 anneaux nettement marqués et dont les 
positions different totalement d’un produit a l'autre, méme lorsque leurs structures 
sont trés voisines (par exemple, deux isomeéres de position) 

Vous suggérons que cette méthode simple d’identification soit utilisée s\ stématique- 
ment dans le cas des dérivés qui n’ont pas de point de fusion caracté ristique 

On trouvera ci-dessous les tableaux mentionnant les valeurs des equidistances d 
(exprimées en A) et des intensites relatives (/,) des bandes correspondant a ces équi- 
distances 

| 

picrate de la 7,8-diamino-5-hydroxy-imidazolino[1,2-c]pyrimidine 


picrate de la 5-hydroxy-8-nitro-imidazolino[1,2-c]pyrimidine 


aad 
; 
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5-mercapto-imidazolino[! ,2-c]pyrimidine 


picrate de la 5-hydroxy-imidazolino[1,2-c]pyrimidine 


picrate de la 2-amino-4(2-hydroxyethyl)aminopyrimidine 


picrate du produit (XV) obtenu par action d’acide bromhydrique sur 


~ 


.-amino-+. 


-hydroxyethyl)aminopyt imidine 


we 


ce ia Chan 


Nw hv 


4 

80 
4 | 0 
Temps de gam: 3 a 4 heures 

Rayon bre: 5 cm 
aa ] \ | very iwht ( tr es a e intensitée) 
light (faible intensite) 
M med tensite moyenne) 

S Sire tc inten ite) 

VS ery strong (tres fort tensite) 
1 810 M 00S 1 7,49 | 
2 VI > 642 VI 2 

? 29 VI VI 

) 2.14 Vi 

11.45 VI 6S 1 Sil 1 10.51 M 

2 6S > 6.70 VI 2 2 7,30 1 

685 VI $42 VI 628 1 

4 641 | 463 M 4 § 52 VI 4 466 VI 

5 506 M 393 «CVI 5 5,05 M 5 3.80 M 

6 412 VI 58 I 6 469 M 6 340 VS 
7 3.73 VS 327 7 | 427 7 97 VI 
402 VI 3.88 VI 4 VI 

th 9 3,27 I 9 3,53 | VI 4 37 VI 
10 308 VI 10 3,50 § 10 30 VI 
11 290 | 1] 313 M 1] 1,71 | Vi 
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PARTII EXPERIMENTALI 
2-Chloro-4(2-chloréthyl amino-5-nitrop\ rimidine (AV, R H) 


On dissout 19.4 g (0,1 m) de 2,4-dichloro-5-nitropyrimidine dans 150 ml d’éther. 


On ajoute une solution aqueuse de 14 g de chlorhydrate de 2-chloréthylamine et de 24 


g de bicarbonate de sodium. Les deux phases, aqueuse et éthérée, sont intimement 
brassées au moyen d'un vibromoteur. La phase éthérée est décantée et la couche 
aqueuse est extraite a l’ether. Les phases éthérées réunies sont lavées une fois a l'eau, 
puis séchées sur sulfate de sodium. Aprés évaporation de l’éther, l’huile résiduelle 


cristallise en aiguilles jaunes. On isole apres recristallisation dans le cyclohexane 22,8 g 


5 74 
? 


(0,096 m) de 2-chloro-4(2-chlorethyl)amino-5-nitropyrimidine fondant a 72 


Rendement : 96%. 


(IV, R NH,) 
9 g (0,043 m) de 4-amino-2,6-dichloro-5-nitropyrimidine sont traités comme dans 
la préparation precedente. Apres deux heures d’agitation 4 0—10°, on isole 10,5 g 


(0,042 m) du produit désiré, se décomposant 4 300-310°. Rendement: 97°. 


81 
d I d I, d I, 
60 L 56 11,32 | VI 
6,74 | VL 2 6,55 | VI 632 IL 
q 3 6,28 VI 3 5,33 VI 3 4,55 M 
4 4,55 Vi 4 4.84 I 4 436 VL 
Sa 5 3,90 I 5 4.48 M 5 4.03 L 
6 3.53 M 6 3.37 6 373 | VS 
7 3,28 VI 7 3,18 VI 7 3,57 | VI | 
§ 292 VI 8 242 VI 3,42 L 
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(V, R = H, = OH) 


0.65 ¢ (0.0027 m) de 2-chloro-4(2-chloréthyl)amino-5-nitropyrimidine et 10 ml 
d’eau sont chauffés 4 reflux jusqu’d dissolution totale. La solution jaune est alors 


neutralisce pat du bicarbonate de sodium On laisse reposet la solution a O 


pendant 4 heures. Le precipite forme est filtré. lavé et séché. On isole ainsi 0,32 


(0,00175 m) du produit cherche Point de décomposition: 260 270 Rendement: 
64 


C.H.O.N, (182) Calculé ¢ 


R OH) 
hlorethyl) 


a reflux Apres 5 


“4 
ue 39.6 H: 3.2 N: 308 
~ 
lrouvé C: 39.3 H: 3.4 N: 30,9 
Picrate: C,.H,O,,.N; (411) 
10 
Lo Calculé C: 35,0 H: 2,2 N: 238 
lrouve 4.9 H: 2.0 N: 24 
4 Po t de decomposilio ul picra e (recrista | Cau} 2 
tio le 0.7 (0.003 m) de 2-amino-4(2-chloréthyl)amin o-5 
nitropyrim est trait pa 0 d‘ami coolique Apr heures a 
e ord e cl cures a VU fhiitre ie p pite | ne. Celui-ci est dissous 
dans a ad ct (acid eutralisée par du bicarbonate de 
Calcuk ( 16.2 H: 45 N- 35.9 
H: 4.4 N 
\ de i } 
~ Dak (V, R H, R’ = SH) 
det (iV. R H td 049 d ( hasigue est 
cha pend icide a x. O i 
C,H,O.N,S + H,O (216) Cak ( 3 H: 3 N: 25.9 
H: 3 N: 25,4 
spension de ) de 4 o-2-chloro-6 2 
4 


Synthese de dérivés de 83 


minutes, la dissolution est totale; aprés 10 minutes, un nouveau précipité blanc se 

forme; on laisse refroidir aprés 15 minutes. Le précipité est filtré puis redissous dans 

l’eau 4 chaud. La solution est neutralisée par du bicarbonate de sodium. II se forme 

un nouveau solide blanc (0,32 g, soit 0,00164 m). Rendement: 82%. Le produit 

recristallise dans l'eau en aiguilles blanches. Point de décomposition: 330-340". 
C,H,O,N, (197) 


Calcule C: 36.6 H: 3,6 N: 35,5 
N: 


Trouve C: 36,6 H: 3.8 


,2-c|pyrimidine (V, R = NHg,, R' = SH) 


On chauffe 3 heures a reflux une solution acétonique de 3 g (0,012 m) de 4-amino-2- 


chloro-6(2-chloréthyl)amino-5-nitropyrimidine et de 1.25 2 de thiourée (0,016 m). 
On filtre 4,1 g du sel de thiouronium forme, puis on le dissout a chaud dans 100 ml de 


le acétique, on obtient 1,47 g (0.0069 m) du produit 


soude N. Par acidification a lack 


cyclisé cherché. Ce produit est purifie par plusieurs dissolutions dans la soude et 


reprécipitations au moyen d’acide acetique Rendement: 58 


C,H,O.N,S (213) 


aissous 


Po 
C,H,O,N, (197) 


Une suspension de 0,4 g (0,002 m) du dérivé 8-nitré (V, R = NH,, R’ = OH) 
dans mi d ammoniague contenant 2 de ail nite Cs cna iffee | 
reflux Apres 10 minute i¢ produit est compictement G Ous Cl i SOLULIO ains 
obtenue est filtrée a chaud puls neull On | rey et 
isole 0.24 ¢ (0.0014 m) d’aiguilles jaunatres. Rendement: 70 


Picrate C, H, oO (396) 


Calc ule 


Trouve 


Point de décomposition du picrate (recristallisé dans l'eau): 245-248 


Calcule ( H: 3,3 N: 32,9 
Trouvé C: 33,6 H:3.5 N: 32,4 
$- (V, R = OH, R’ = NH,) 
(0.017 m) de no-?-chlor 6(?-chloréthv))an no-5-nitro-pvi d e sont 
50) mi d'acétone;: aprés addition de 150 ml d’acetone ammoniacal 
le tout est laissé un jour et une! a Le p forme est filtré } C ff¢ 
une heure a reflux dans 90 mil d'eau. Apres add mn de bicarbonate a d on 
iso m) d aiguilles ora qui sont recristallisées dans l'eau. Rende- 
mn decomposition 440) 
Calcule ( 36.6 H: 3.6 
lro ( 36,5 H: 3 N: 35,4 
7 (V1, R NH... R OH) 
OC: 36,4 3,1 28,3 
5 


ct J. Maret 


tique dans le méthanol 


i7olu 2-c] 


scelle a 140 
puis on ajoute 10 mi 
vdrate du produit 


Ree 
7 
a Ce produit a également été obtenu par hydrogénation catal) ii 7 
-. en présence de nickel de Rancy 4 pression et temperature ordinaires. 7 
§- Diamino-S-mercapto-imidazolino| 1 ,2-c\pyrimidine (V1, R = NH,, R’ = SH) 
ai On traite 0.21 ¢ (0.001 m) du dérivé 8-nitré (V, R — NH, R' = SH) par 3 mi * 
d et | Ieod tit te de sod (OOO) mid nro 
C.H,N,S (183) 
‘ . 
C.H,N,S 
( C: 470 4H: 4 N 
Carl } e (Xb) 
5 7 -J-mercaptop sont n en suspension 
Apres 5 n ites Ge chaullage a Las iaune clair est 
L 
on hits rer vil et oT ea (by a 0.0293) de 
produ t Dianc | Re ac cl 
§~ Hydroxy-imidazolino{ 1 ,2-c\|pyvrimidine (X11) 
NVrImIdine (XI) et mi acide chiorhyadrique mt chauties ¢ ye 
d alcool ethviique obtient ainsi 0.26 ¢ (0.0015 m) de chk 


se de derives de Tumidazolino cipvrumaine 


eH yO WN, (366) 


34.0 H 3.4 

ce au Professeur Dr. Sydney 
Farber recteur de la “ ldren’s Cancer Research Foundation” (Boston) g1 
a qui | omy ; H. R OH) et (V) (R NH,, R OH) ont 


étre soumis rnicrement a de serieux tests sur diverse tumeurs experimentales. 


deux dérives se sont avérés inactifs dans tous les cas etudies. 


| 
8S 
Picrate “4 
me Calculé C: 39.4 H: 2.8 N: 23.0 O: 35.0 
a 
ia lrouve ( 19.6 H: 2 N: 229 O: 349 
. 2 le. On chauffe 4 reflux pendant 5 heures une solution de 2 g (0,0087 m) 
de 2-carboxym« gro. X11) dar 0 mi d'acide 
Rendement: 59 Point de decomp on du { te: 228-23 . 

Picrate : Trou, ( 99,2 H: 2,8 N: 22,9 QO: 34,7 

Pic C,.H,.O.N, (383) 
Calculé C: 37.6 H: 3.4 25.6 O: 33.4 
Trou, C: 37.3 H:34 NN: 256 O: 33,1 
Les produits (V, R H, R OH), (V, R NH,, R SH), R NH, 
R OH), et (X1) ont testes sur le virus de Sai du tabac et se nt reveles 
sans acti inniditrice st Geveioppement ce VITUS 
\ Vor u Prof iw R. Jeener et Madame Van R 
cle 1 R figu Indu | ditt (RS LA 
Not a rS aes CPpreu mars 1957) , 
Nous avons rec nment trouve que i O-mercapl mida 
midine(X\) et la 7-an ercapto-d-nilr midazZ ) 2 dine(V) (R 
NH,, R’ = SH) cristallisent trés bien dans la diméthylformamide [Trouvé: (X) | 


Tetrahedron, 1957, Vol. 1, pp. 86-102. Pergamon Press Lid., London 
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‘on the stereochemistry of tropane alka- 


Abstract— Two years ago several comprehensive reviews 
} 


ith earlier and more recent results were presented. Since then, however, an 


loids which dealt w 


add nal number of findings and, in particular, some stereospecific syntheses have been recorded mn 
} 

this held Accordingly, it 1s deemed f interest to give an account of recent developments 


recent are aS TOHOWS 


1. Stereospecific syntheses of some new epimer;»ic ccgor inols and ecgonines as well as that of 


-rtiarvy amines and quaternary salts 


-dihydroxy-tropane and ( — )oscine 


4. Investigations and conside tions concerning the structure ol dioscorine 


Recent stereochemical aspects of the problem of biogenesis of scopolamine and hyoscyamine 


STEREOSPECIFIC SYNTHESES 


(a) Synthesis of some new ecgoninols and ecgonines 


Syntuesis of the hitherto unknown third and fourth racemic cocaines, and of the 


te as well as their optically active components has been 


fourth ecgonine race 


attempted on different lines 


Chronologically first the synthesis of two new epimers ol 2?-hvdroxymethyl- 


tropan-3-ols and of 


has been realised in order to submit, subdsequel tly. these diols to selective oxidation 


Another line of approach dealing with the third racemate of ecgonine ester arising 
from hydrogenation of methyl tropinone ?-carboxylate has, according to Willstatter, 
bee converted into the c rresponding cocaine while epimerisavion of the third 
racemic ester led to the fourth racemic ecgonine methyl-ester, which in turn has been 


underwent rearrangement into the hydro- 
chioride of a base to which several alternative structures, envisaged in previous papers 
could be allotted initially The choice among them in favour of the structure of 
2’ 3-anhydro-28 -hydroxymethyl-3/-tropanol was made possible by the following 


chloromethyl-3f-acetoxy-tropane failed to undergo rearrangement, showing 


the participation of the C,-OH group in this reaction 


(2) The hydrochloride of the base has been reconverted by hydrochloric acid into 


chloromethyl derivative from which we started.’ 


Sto 


: 
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(3) The molecular weight of the compound has been found® by the ebullioscopic 


method. 197-5 as an average 
(4) The rate of the rearrangement has been determined both by polarimetric and 


argentometrical methods,® indicating independence of rate from concentration, 1.e. 


pointing to a truly unimolecular mechanism 


(5) Methiodide of 2/-chloromethyl-3/-tropanol® underwent similar rearrangement, 
but in the presence of a molecule of alkali to give the methiodide of the cyclic ether. 
The methochloride of this latter has been reconverted by acetyl chloride in acetic 


~ 


anhydride into the acetyl derivative of 2/-chloromethyl-3/-tropanol methochloride 

(6) Ring cleavage of the cyclic ether itself has been achieved either by acetic anhy- 
dride or alkali. The first reactant gave rise to a mixture of diacetyl ecgoninols: 
2/3-acetoxymethyl-3/-acetoxy tropane, besides the dominating epimeric modification 
which can on - z-1sOomMmel Hydrolysis of these diacetates gave rise to 2)-hy- 
droxymethyl-3/-tropanol and to the new ecgoninol, 2/-hydroxymethy! 3x-tropanol. 
Action of hydroxyl ions on the ether ring led to the same epimers The 3«-modification 
may be formed only by means of a nucleophilic attack of hydroxyl ions towards the 
asymmetric bridgehead of the ether ring. This reaction showed 1 deed a pure bimo- 
lecular course, its point of attack being carbon atom No. 3. Further evidence in favour 


of the four-membered ring ether structure has been provided by infra-red spectro- 


scopic investigations—in collaboration with Basle University’—of the compound in 


play, comparing their curves with those of trimethylene oxides.’ These results may 


serve as the first contributions to the stereochemistry of formation and cleavage of 


*¢). Kovacs. I. Weisz. P. Zoller, and G. Fodor /Jhbid. 39, 99 (1956) 
7G. M. Barrow and S. Searles J. Amer. Chem. Soc. 75, 1175 (1953). 
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four-membered ring ethers. Another paper*® dealing with the stereochemistry of the 
cleavage of a 1-3-oxido-bridged cyclohexane appeared formerly as the single precursor 
in this field. The reactions carried out with electrophilic and nucleophilic reactants 
mainly show a close resemblance with the steric course of the cleavage of epoxides® 
while the four-membered ring ether resists catalytic hydrogenolysis at variance with 
epoxides 

Authentic 2/-hydroxymethyl-3a-tropanol has thus been obtained, the absolute 
configuration of which being given by the correlation of (—)cocaine with L(+) 
glutamic acid according to Hardegger and Ott” (Fig. 3a) 


As a further step, this could be converted by sodium amyloxide and benzophenone 


as a catalyst by way of a half cell oxidation reduction’ procedure into a hitherto 


unknown tropandiol to which the structure of 2«-hydroxymethyl-3z-tropanol could 
be allotted, due to inversion at C, only, since otherwise epimerisation of the starting 


material at C. would lead to ecgoninol, while affection of both C, and C.. centres 


should give y-e ‘ Hence the “‘exclusion principle” supports this configuration. 


Oxidation experiments have in turn been commenced with all the four 2-hydroxy- 


methyl-3-tropanols (Fig. 2) 


-tropa 101 (ecgoninol) and 2a-hydroxymethyl-3 /-tropanol 


-d. on oxidation with silver oxide. good vields—the latter rathe1 


the corresponding carboxylic acids, i.e. ecgonine and y-ecgonine 


a 
4 A 
| 
an 
(y-ecgoninol) furnis! 
te R. B. Clayton and H. B. Henbest Chem. and Ind. 1315 (1953). 
E. Har er / icta 38, 312 (1 : 
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E. Doe g and T. C. Ashner J. Amer. Chem. S 397 (1953) 
M. HAlmos, O. Kovacs, and G. Fodor J. Org. Chem. (in the press) 
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(Fig. 3b). Unfortunately, however, the 3x-hydroxylated derivatives did not undergo 


this selective oxidation at all, for the 2%°3%-modification has been recovered com- 


pletely unchanged. while the 2/*3x-derivative has been oxidised partly to a tar in 


addition to a considerable amount of unchanged diol 


NC N.CH 
“OOH 
x 
ry 
* 
H 4 
R-H : 
R-CH 
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The second method outlined above was rather classical, and in the hands of 
German and American colleagues gave a positive response to the questions of syn- 
thesis 

The “third” racemate prepared according to W illstatter’* has been benzoylated to 
the new cocaine.” Somewhat later hydrogenation of methyl tropinone-2-carboxylate 
over Adams platinum catalvst has been described to afford 80°. vield of the “third” 
i4 


racemic ecgonine methyl ester Alkaline hvdrolvsis furnished a mixture of ecgonines, 


presumably of the “third” and “‘fourth’’ racemates. both of which have been benzoyl- 


ated into the cocaines. Unfortunately. the physical constants recorded by the two 
teams show a marked and unaccountable discrepancy. To the “third’’ racemate the 
configuration ol 2 mett oxvcearbor Ol nas been allotted bv a to 
ecgonine (epime»rsalio by alkali during bot hvdrolvsis and quaternisal | vith 
methyl iodide)'* the fourth representing consequently the 2x°3a-modification (Fig. 4) 


a 
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+4 
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acid, which gave a tricyclic hydroxy derivative instead of the expected ketone, i.e. 
scopinone. Thus the use of a building stone containing the preformed epoxide bridge 
proved unsuitable for this synthesis. 

A different line of approach has been suggested by Preobrashenski, who intended 
to oxidise A, ,-tropenol to scopine and teloidine (Fig. 5.) The key intermediate, 6- 
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latter was already resolved in 1919 by King** into the dextrorotatory form, and 
later by Preobrashenski®® into both antipodes, this synthesis may be considered as 
an equivalent of that of hyoscine. 


(c) The total synthesis of valeroidine 


The relative configuration of valeroidine as that of (—)6/-hydroxy-3«-isovaleroxy 


has been established,'*°"' while its absolute configuration is still subject 


The conclusions reached hitherto are supported by the 


|) Hydrogenolysis of scopolamine into the racemic form’” of the 
of valeroidine (so-called valerine) with subsequent resolution into the 
indicated the presence of a 3x-placed hydroxyl, since the rearrangement of 


ake place if this group would have /-location; (2) 


ve besides nor-valeroidine a compound the analytical data 


thane derived of nor-valeroidine 


ot 


the unbound hydroxyl group 


yn of ethyl todoacetate the N°C, 


* 


anium iodide,* which provides 


group.*” 
-hydroxy tropan-3-one has been 
-tropandiol Both have been 
aleric ester™ which, unfortunately, 


lated derivative. Similarly, direct 


(Fig. 8) selective acylation of 


and this, in turn, cleaved 
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by thermolysis into (+-)valeroidine.** The reversible formation of phenylurethanes 
was earlier studied by Japanese authors,“ not from the preparative view, but the 
thermodynamic. This series of reactions could now be adopted to the antipodes 
arising from the preceding resolution of (-+)6-phenyl-carbamyloxy-3«-hydroxy 
tropane. Consequently, acylation of the levorotatory form and subsequent thermo- 
lysis furnished levorotatory 3x*6/-dihydroxy tropane 3-mono-isovaleroate, which 
proved identical*® in every respect with the natural alkaloid; the dextrorotatory 
form has also been obtained. 


(d) The absolute configuration of valeroidine 

It has already been intended to correlate ( )3x°65-dihydroxy tropane and its 
3x-isovaleric ester, i.e. valeroidine with either D or L-oxo proline’? by destroying the 
six-membered ring; this may be by a secondary Beckmann rearrangement of 2-4-di- 
oximoino 6-acetoxy tropan-3-one or of its products of reduction: 6-acetoxy-2°4- 
dihydroxy-3-amino tropane with periodic acid. These investigations have been com- 
menced by the author’s staff as a joint operation with Prof. B. Witkop of the National 
Institutes of Health, Washington. 

However, (—)3«°6f-dihydroxy tropane gave with ethyl iodoacetate the /evoro- 
tatory ester salt, N,-ethoxy-carbonylmethyl-3-6 }-dihydroxy tropanium iodide, w hich 
on heating underwent cyclisation to the dextrorotatory (N-C,) lactone of N,-carboxy- 
methyl-3x°6)-dihydroxy tropanium iodide. Adopting Hudson’s rule valid for y- 
lactones” it is presumed that the hydroxyl-bearing asymmetric carbon atom con- 
cerned in cyclisation belongs to the D series of carbohydrates Provided this rule can 


be extended to 6-lactones,®*®’ further in considering the group 


CH NCH 
H—C—OH 


CH, 


be depicted by the projection which follows (Fig. 12) 
In terms of the recent convention for describing absolute configurations unequi- 


ld the structure of 3x(R),6/(R)- 


vocally. as outlined by Prelog, 
dihydroxy tropane should be allotted ie alkamine of valeroidine, which, of course, 


should still be checked by correlation experiments 


of oscine (scopoiline) 
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tropane, a derivative which could be cyclised into oscine, i.e. (--)3x°6x-oxydo-7/- 
hydroxy tropane (Fig. 9). At present the author is unaware of any further publication 


on this subject 


> 
) 
(f) Synthesis of (2H) meteloidine 
Teloidinone, i.e. 6 dihydroxy-tropan-3-one™ gave a benzylidene derivative 
which afforded on hydrogenation over Raney-Ni benzylidene teloidine, 1.e. 3%°6p )- 
drox tropane benzylidene ketal! Ac on of the iatter wit! LDUTYTIC 
> 
al dride followed Y Cal tic hydroge 1YS of the be lidene roup over 30 
A hear yal furnisl i irnemeteloidit Fig lant sl in wey th 
a-cnarcoal tu isnea | every respect 


he product which forms by saturation of the double bond in the natural alkaloid.*’ 


Synthesis of the genuine alkaloid is now in progress 

In addition. a contribution to the stereochemistry of teloidine and yw-teloidine by 
Heusner®® stands on its own merits. Teloidinone acetonide has been hydrogenated 
selectively into teloidine acetonide and w-teloidine acetonide. The latter gave, after v. 
Braun-deeradation. w-nor-teloidine acetonide, which, in turn, was condensed with 
p-nitro-benzaldehyde into a mefa-oxazine derivative (Fig. 11), while nor-teloidine 3- 
acetate with the same aldehyde giving an 1°3-oxazolidine, afforded additional evidence 
in favour of the structure of 3%°6/+7/-trihydroxy tropane for teloidine™ and of that 


of tropane for w-teloidine 


«* J. C. Sheehan and E. R. Bisse J. Ore. Chem. 19, 270 (1954) 
4* A Heusner Z. Naturforsch. 9b, 683 (1954) 
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2, DETERMINATION OF THE CONFIGURATION OF THE NITROGEN 
ATOM IN SOME TERTIARY AMINES AND 
QUATERNARY AMMONIUM SALTS OF THE TROPANE SERIES 


52, 40,318 53,54 4 dealt with our obser- 


lefinite con- 


A number of preceding papers > and a review” 
vations concerning stereospecific routes leading to tropanium salts of «¢ 
figurations and with the interpretation*” of this phenomenon. This work, initially 
done with “direct’’ and “‘reverse’’ quaternisation of tropine and y-tropine**** invol- 
ving direct quaternisation of 3«-6p-dihydroxy tropane, scopolamine, and oscine*' 
by means of ethyl iodoacetate into the lactones of the corresponding N-acetic acids, 
has been extended recently to reverse quaternisation of the er’ and to optically 
active derivatives of . nine™ and dihydroxy tropane series.” These results 
achieved with some tropane derivatives were treated in detail in a review which 
appeared last year in Bulletin de la Société Chimique de France” in terms of the possi- 
bility to determine for the first time configurations of asymmetric and of pseudo- 
asymmetric nitrogen atoms I intend, therefore, to give but a brief summary of the 
findings and considerations outlined in this latter contribution which more recent 
results should help to complete 

(a) (+-)3«°6f-dihydroxy tropane gave, on v. Braun degradation, (-+- )nor-3a°6p- 
dihydroxy tropane, which has been alkylated by means of ethyl todoacetate to 


V-ethoxycarbonylmethyl-nor-3«°6/-dihydroxy tropane.” The latter gave, when hy- 


drolysed by hydrochloric acid, the hydrochloride of (+- nor-3«°6/-dihydroxy tropane 


N-acetic acid. but no trace of its lactone salt. Accordingly, the steric conditions of this 


compound are inadequate to allow ring closure, hence one can deduce the configuration 

of N,-carboxymethyl-3«°6/-dihydroxy-nor-tropanium chloride for this compound. 

Quaternisation of the tertiary amine base with methyl iodide gave rise to the tropanium 

ester salt which could not be cyclised to a lactone after being converted into the 

betaine and subsequent treatment of the latter with hydrochloric acid. The N-acetic 

2 G. Fodor, Lecture, Meeting of the Union of Hungarian Chemists, Szeged, 20 September 1952 

ia G. Fodor. K. Koczka, and J. Lestyan VMaeyv. Kém. Folly. 59, 242 (1953) G. Fodor, J. Toth, and 
I. Vineze J. Chem. Sac. 3504 (1955) 

‘gO Kovacs, G Fodor and M. Halmos Ibid 873 (1956) 

SG. Fodor, K. Koczka, and J. Lestyan Jbid. 1411 (1956) 


® G. Fodor, I. Vineze, and J. Téth To be published in J. Chem. Sox 
7G. Fodor Lecture Soc. Chim. France, Paris, 27 April 1956; Bull. Soc. Chim. 1032 (1956). 
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aine and heated with hydrochloric acid: thus the structure of N.-carboxv- 


the 
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compou! therefore definite and known relative configurations, includ- 
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steric position of substituents on asymmetric nitrogen to the whole asymmetry of the 


rthermore determinations of the absolute configurations of tropine 
-tropine methochlorid still in progress at the 
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4. INVESTIGATIONS AND CONSIDERATIONS CONCERNING THE 
STRUCTURE OF DIOSCORINI 


\ tentative formula of the y-lactone of 2-(«)-isopropylidene-carboxymethyl-3- 


hydroxy tropane has so far been suggested to dioscorine based merely upon positive 


Legal test, indicating the presence of an «*/-olefinic lactone grouping” as well as an 
exhaustive methylation™ described in detail in Manske-Holmes’ monograph, The 
Alkaloids. Vol. 1. The isolation of the alkaloid from different sources ;** furthermore, 
its degradation has been recently” reinvestigated, adopting modern experimental 
methods, inter alia techniques of infra-red spectroscopy.” The base C,,H,,N obtained 
first by Hofmann degradation broke down when heated with palladised charcoal into 
trimethylamine, an unidentified base, and isobutyl-benzene, or /*/-dimethylstyrene, 


depending on the activity of catalyst. Another item of exhaustive met 


hylation of this 
base mave a hydrocarbon, ( H infra-red spectroscopic data olf which support 
R, 
ructure of isobutenyl cyc/oheptatriene, containing a CH, linkage 
R, 
tion of this compound yields, however, a hydrocarbon C,,Hg», infra-red 
very similar to those but not identi WI he curve 
obtained on synthesis” from 4-/-buty! lohexanone by ring enlargement 
ptanone 


\- V-di- 


ery 
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carded, but requires still many systematic feeding experiments with tropenol deri- 
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author’s laboratory.* 
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STUDIES IN THE TRIAZINE SERIES INCLUDING A 
NEW SYNTHESIS OF 1:2:4-TRIAZINES 


P. V. LAAKso, R. Roprnson, and H. P. VANDREWALA 
Dyson Perrins Laboratory, Oxford [ niversity 


(Received 11 February 1957) 


Abstract—The mono-aroylhydrazones of benzil are cyclised by ammonium acetate In hot acetic acid 
to tri-substituted-| 2:4-triazines The vield is favourable and it ts not! iry, or ever ivantageous, 
to isolate the ] med intermediates The new synthesis | applied to i ent inge of 


examples to establish status as a general method t a ) renanthraquinone t reaction 


a to 


synthesise dipneny! 3-p-t vi triazine made n al p-toluyihydrazide Both 


kyaphen 
mechanism of the long-known mer reaction (Radziszews 


rue reduction of kyaphenine (1). bv means of zine and acetic acid, with formation of 
lophine (Il) appeared noteworthy from the point of view of reaction mechanism, and 
consideration of the problem prompted the present investigation Triphenyl-\:2:4- 
triazine (11) was not known and, as the facile transformation of this substance to 
lophine could be predicted, independent step-wise syntheses of the isomeric triphenyl- 


triazines, | and III, were sought 


None of the known methods of hesis of kyaphenine and analogous substances 
served to establish the structural formulae, e.g. both I and III could theoretically be 
obtained by trimerisation of benzonitrile. It transpired that the expression I for 
kyaphenine could be confirmed by unequivocal sy thesis The isomeride (III), 
obtained as described below, has very different properties, but, as anticipated, also 
gives a good yield of lophine on reduction with zinc and acetic acid. Most of the 
known kyaphenine syntheses can be assumed to proceed via benzonitrile, possibly in 
an activated form; examples are the reaction ol benzene with cyanogen bromide in 
the presence of aluminium chloride? and the decomposition of benzimino methyl 
ether on keeping.” 

The conversion of cyanuric chloride (trichloro-symm-triazine) to kyaphenine was 
1 B. Radziszewski Ber. 15, 1493 (1882) 


2 R. Scholl and W. Noérr Ber. 33, 1052 (1900) 
> T. B. Johnson and L. W. Bass J. Amer en c. 54, 1341 (1922) 
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claimed by Klason,* who treated the substance with bromobenzene and sodium in an 


ethereal medium. The main product was diphenylchloro-symm-triazine (1V). Kraft® 


repeated the experiment with some modifications and stated that kyaphenine, m p. 


could be isolated. However, Cook and Jones® have further examined the 


reaction but did not obtain kyaphenine 
it authors find that 6-chloro-2:4-diphenyl-1:3:5-triazine (I1V), m.p. 
-d into kyaphenine in good yield by reaction with phenylmagnesium 
-p-tolyl-symm-triazine (V) was obtained by the use of 


mesium dDromide 


NH 
Nero 


ination 


some contribution from each of the ary! groups, and how these 


are linked through the central nucleus can only be conjectured. The mechanism of the 
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reduction of kyaphenine to lophine appears to the authors to be analogous to the 


formation of a pinacol from a ketone (cf. ref. 14): 


It is very interesting that the process can be reversed!’ by reaction of lophine with 
n gently boiling liquid ammonia with production of kyaphenine 
little attention has been paid to this 
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far as the analogues 
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group Inso 
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unanticipated result, and should be repeated. Using p-tolyl- 
magnesium bromide, however, the diphenyl-p-tolyl-asymm-triazine (VIII, R 


‘C,.H,Me(p)) was isolated This was identical with a specimen prepared by the 


bromide also gave an 


method now to be described 
A preliminary account of this method 


ammonium acetate ot 


Since the mono obtained 


Col 


ISOk 


procedul 
much more 
to obtain 
red. Our 


method Schmidt.” 


a ae 
has been given Benzil aroylhydrazones are | >; 
N 
wil 
in hich yield from the 
a, Ae gandensation of benzil and an acid hydrazide, this intermediate stage was no sually 
ted It nay de pres ed | il the ydrazone torn ed lot afiected by 
the reagent in any nportant side-reacuiol ma be a source of the mono-aroyl- 
yadrazone as the res ol a yaororyue equi Hence the enecrators, that 18, 
eated In some cases product sepa ed trom the hot liquid There 1s 
every reason to supposc at the reaction 1S general [to -diketones, but it did not 
succeed with pnenantirag one, al a rate under the usual Conditions 
a Ihe aroylhydrazones used ere those appropriate to introduce the groups, ee ie 
phe p-/ i, m-nifrophenyl, p-nitrophen p-chiorophen phenyl, 
(X, R H), and 1:4-diamino-2-anthraquinonyl (X, R NH.) as the group R tn the 
structure VIII 
( 
A 
YY Y~ Ph 
x x 
Phena raquin ara i converted into i-phenanthrol Dy doling 
i 
oe aqueous potassiu droxide. The d (50°.) and convenience of this method 
evidently ol Wollfl-Kis er-Stau ‘ type u 
(improved met ag) was sudstututed ine be 
2 ‘ 
(Xl, R OH) oc 
enient proce ini ose previous! cd 
re the substance by De's method the semicarbazone \ co 
a product was identical with a specimen made by the carlicr Si Ss 
a Some results incidental to the research are recorded eo a 
“ P. V. Laakso and R. R / Kar » 387 (1948 
; 
Sc 0.8 E.G Ber. 44, 27¢ 
ge 
“ae 
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The crystalline, yellow substance obtained from phenanthraquinone benzoylhydra- 
zone and ammonium acetate in boiling acetic acid is apparently 24 Hye or 14Ne 
on the N, basis. As C,,H,O, + C,;H,O, + C,H,O, + 2NH, — 6H,O = C,,H,.Ng, 
the latter formula (Theory: C, 87-3; H, 3-8; H, 89°.) may be preferred on analytical 
grounds. It is, however, hardly possible to construct a plausible formula with so few 
hydrogen atoms and C,,H,,N, (C, 86°8; H, 4:4; N, 8°8°%,) could be a phenylmethyl- 
phenanthrazine with an additional ring, or an isomeric phenanthriminazole derivative. 

As this analysis leads to dubious conclusions, N, formulae may be considered. 
Phe best is C,,H,,N, (C, 87-3; H, 4-0; N, 8-7°,), and this is 2C,,H,O, + C,;H,ON, 
NH, + 2H — 5H,O. This, in our judgement, is the probably correct interpretation. 
A feasible structure is annexed: 


A 


Inspection of this 
grounds; C..H 
results become un 
Ethyl 1-nitroant! 
pyridine into 3-hyd 


acid hyd azide 


The enolic 1o1m is tavoured on ac int 1\ lubili the substance in 
cold AQucous sodiu 
A second product 


(XIII), identified by hydroly 


D.R.P. 575,680; 


>) 
AS 
a 
N AN 4 
Y 
4 
iwgestion shows that C.-H,-N. can be excluded on structural 
Ot adel llows one of the rings to be broken ( 2H) but the analytical 
stactory 
5-3 aquinone-2-carboxylate was converted by hydrazine in hot 
oxy-6 :1 1-diketo-l-anthra-(1:2-d)-pyrazole (XII) instead of the 
x NH— —N : 
| 
le 
| 
4 
NA AN fi 4 
All 
. Ds sis to the corresponding acid which was already known. 
Nj. NIH 
i 
Co.Et 
CO 
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ese two substances (XII and XIII) were also obtained by the action of hydrazine 
ride obtained by refluxing the acid 


} } 
WAV acid 


n methods previously described 8 


mproven 
ability e I-nitro group 


rep ired irom correspondir 


ol ti 1s group were 


2 
108 
These 
fa 
with thionyl chloride. This is an 
the anthraq the requisit (cs 
int q series, the requisite Nycrazides were | 
nino-2-carboxylic acids and eventually some 1:2:4-triazines ae 
EXPERIMENTAI 
ed. ¢ 
‘ 
; 
cry p. 156-15 ition in sulphuric 
4, 
C. 67-4; H, 39; N, 15°35; CH NA equires C, 67-3 : 
H, 38, N 
P.P.T.S SM Hua | 2, 143 (193 
F.L.P 123 
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The reaction of this substance (0-5 g) with methanol, ethanol, and propanol 


(100 c.c.) at the boiling-point was followed by titration. In the cases of the two 


simpler alcohols, the reaction was completed in 4:5 hours. The formation of the 


ethoxy derivative was only a little slower than that of the methoxy compound The 
reaction with propanol proceeded at about two-thirds of the rate, and 64°,, had re- 
fter 4 5 hours I he methoxy diphenyl- f 1zine hydrate had m.p 221 222 


(Found: 3: H, 5-1: N, 15:1. CygH,,0, uit 68-4; H, 5-4; N, 14-9 
3: H 


acted a 


whuils 


N, 141 
the respect 


on boiling with lilu agucou sodium | ydre 
triazine (VILL R NH-NH.,). Am 


| 


NH-NHP 


H. SS N 14-2 These substances 
* solutions They are slov dissolved 
of the solution 
Klure i cniorTro- 
diphenvl-1:2:4-triazine (5-4 ¢), hydrazine c.c. of YU.) and pyrid hc.c.) 
ao vas | i for an hour. 7 recipitate after the add f wate i and 
N. 27-0. C,.H,.N, requires C, 68-0; H, 5-0; N, 26-4°,). The solutior 
§:6- Dipher »:4-triazine (VIL, R = H). 1 bove hydrazine (0-5 g) oti 
n (Found: ¢ H, 46; N 
lra 4 Vill, R 
i] N. 20-4. C..H,-N 4: H 
Ihe ve it } 
$:6:5 :6-/ 4-fria | 
dip! d (i ‘ 
pow dc \\ ted | 
( H. 43: N ihe u ral a 
‘ CT a 
}-Amino->:t ):4-triazin (Vill R NH.) ¢ 4+ 
basificat Vil ‘ < 
Bihan®* (Found: C, 73-0; H, 4-7; N, 220. for ¢ H, 49 
). The solutx sulphuric acid nson 
7 innalen 302, 309 (189% j 
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Treatment with hydrochloric acid and sodium nit: gave an immediate precipitate 
vdroxy-5 6-d iri m 220 after crvstallisation. and tne 


Ber ZI vdrazide (29 ) 
ul d 


i from; aringly soluble | 


ts 
prec ipitate 


¢) and benzil (SO g) were dissolved by 


diluted with 
109°). After one 


two more 


solid collected and dried (3¢ 
crystallisation from methanol (sparingly soluble resi m.p 
crystallisations, pale yellow needles m.p. 126-128°, unchanged after three further 
crvystallisations The sparu rly 


soluble residue crystallised from much methanol in 
colourless, prismatic needles, m.p. 142-143 


Cal alyses of these substances were! 


re not quite satisfactory and will be re-examined 
According to Struve. benzil 


s-benzovihydrazone™* had m p 206 The tripheny . 
| :2:4-triazine was obtained by heating the crude mixture with ammonium acetate in 
(2), 50, 308 (1894) 


+* 
of 3 7 
same on admixture with an authentic specimen 
ethere solution C.c.) OF magnesiu!l (10 ¢ of magnesium and 
#ic.c. of Dro ‘ Was added to oro-5 °6-dipne 4- 
rOM 0) it was ‘ chiuxed [0 le cooled mIikture vas added to 
suipnuric acid (44 Cd ice (4A) and W C.c.), DenzZzene 
pecame deep Diuc and cd The be ene was separated, washed, dried. 
and ¢ ated ine residue (335 @) cis ed al 7 iT d aflorded 10 ol 
aipheny p. oY It was then ed in ethe a SiIOW eVaporali of the 
SOLU aflorded Ot pNnc et.) tats crystallisation trom 
Further distillation of t ore diphenyl ( ¢) and ber 7il 
(b) The reaction was carried out as ager (a), except at the Grignard solutior 
was made tron -Dromok ene (34 2) and The cooled reactio 
product as cated cc ated ‘ ia ) water (30 and 
crushed ice A 5 disso ed > ected and crystal ised 
acetic acid; red needics with a Clailic lustre above 280° (Found: C, 62:1 
H, 4-6: N, 13-7; (or Br 11-9); residue after combustion, 0-89°,). The nature 
of is by-product could De ascertained [he be ene m was washed, dried, 
and distilled. Ditolyl (11 p. 118-120 ) passed over at 200 /0-2 and the residue 
SIOW evaporalio ave crystals (1-. After recrystallisation from 
00 acetic acid, it formed vellow prisms. m.p. | 4 ad ( H, 5-5 
N. 12-4. C...H,-N. requires C. 81-9: H N ). The me -point was not 
- depressed on admixture with the specimen (see below) made from benzil and p-tolu- ; 
nyaraZiae 
oe 3:5:6-Triphenyl-1:2:4:triazine (IU). This was the first representative of the series : 
8 to be made by the new method. and a better overa yicid Was OODLa!l! ed DY following k J 
ae the direct process as used below for diphenyl-p-tols 4-triazine. However, in the 
eariier Stages of the work (cl. aiso the nitropne series DCIOW) an atien pt was 
a made to 1solate the intermediate benzovihvdrazone of benzil 
nile heating in ethanol 
(0 c.c.) addex After keeping for days. the solution 
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cid solution is in later examples ne bright yellow base crystallised from 


(b.p. 40-60") a iC! - of needies 


e addition 


on 


nn 
one (approx. Correct 


of the above-described crud 
acetate (20 g) and 

from 

(12-0 g). It recrystallised from acetic ; 

(Found .70-9: H, 4-0: N, 15-9. ¢ , requires C, 


The substance gives an orange-coloured nd 


Ammonium ace 


added to a hot solution of benzil (0-6 g) and p-chlorobenzhydrazide 
acid (10 c.c.). and the mixture refluxed for half an hour. On cooling, an oily 
separated which, after removal of the supernatant, was triturated with light petroleum 
(b.p. 80-100"). The solid so obtained was collected, and crystallised from alcohol, 
forming yellow, prismatic needles, m.p 134-135° (Found: C, 73-7: H, 4:2; N, 12:3; 
Cl, 9:7. C,,H,,N,Cl requires C, 73-4; H, 4:1; N, 12-2; Cl, 10-3",) 


Che solution in concentrated sulphuric acid had a cherry-red colour. 


3-(4'- A mixture of benzil 


: 
a acctic 
benzene-light petrolcum forming warty 
’ 
ageregates. m.p. 145-146 (Found C, 81-5: H, 48: N, 13-4. C.,H,.N. requires 
( sive H, 4-8 } The substance 1s only weakly basic and dissolves in 
ae suiphuric acid to a red solutior It was reduced in Dolling acetic acid Dy means OI an 
& nc dust (9 min) to 4:5-t1 pneny azore (iopnine) | product Was 
, 972_974 low en ‘th 
- crystallised twice from ethanol in needles D. £/353-2/4 , alo or mixed with an 
authentic specime The vield was quantitative (Found: N, 9-1. Calc. for H 
§:6- Diphenyl-1-3-p 4-tria (VII, R = p-C,H,Me). A mixture of 
. benzil (0-5 2g) p-tolhydrazide (0-8 g), ammonium acetate (3-0 g), acetic acid (5-0 c.c.), 
and water (0-5 c.c.) was refluxed for 6 hours. The oily product obtained on thi 
ol Wale “Mais Was ed Uiss | acid whe crystals separated 
“a keeping (1-1 g). After recrystallisation f 90°. acetic acid, it formed yellow prisms, 
m.p. 136-137? (Found: C, 81-7; H, 5-5; N, 12-4. CysH,;N, requires C, 81-9; 
H, 5°3 N, 13-0 The solutio sulphuric acid had a aeep read coloul Another 
} 
method of preparation of this subdstance 1s repo ted above 
ia hydrazide (18 g) was dissolved in acetic acid (100 c.c.) Dy heating and the solution at ; 
once alk ed to Cool Ihe crude product (: 30 g) had m.p. 105 
——— On crystallisation of 4-0 g from alcohol, there was obtained a sparingly soluble : 
te residue and 1-8 g, m.p. 142-144". On recrystallisation, 1-4 g, m.p. 144-145", and 
- again |-2 g. m.p. 145-14 Finally. a crystallisation tro toluene raised the n p. to 
145-146° (Found: C, 67:4: H, 4:2: N, 11-2. C.,H,-O,N, requires C, 67-7; H, 41; 
oi N. 11-2°.). The less soluble product (100 c.c. boiling xylene dissolved 0-1 g) had m.p 
a 223-228 raised by successive crystallisations from xylene and acetic acid to m p : 
231-233 (Found: C, 59 H, 4-3: N, 13-1°.). These are far fro e anticipated 
values for the /is-hydra 3H,O) and are in agreement with 
( (C, 59'S; H, N, ) whicl could be 
but the matter requires further investigation 
3-m-Nitrophenvl-5:6-diphenyl-1:2:4-triazine (VIII, R = m-C,HyNO,). A mixture 
; ] { . 
= e (14-6 g) with ammonium : 
[he product crystallised 
lino llected 
ind COOLNYL Was collected 
vellow needles, m p. 
H, 40; N, 
(5 2) was 
(2) 
4 
4 
ae 
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p-hydroxybenzhydrazide (3 g),* acetic acid (50 c.c.), and ammonium acetate (40 g) was 
refluxed for half an hour, during which time the almost pure product began to 
The solid was collected from the cooled mixture and dried at 100° (4-5 g); 


Crystallisation from ethyl acetate afforded light yellow, fluffy needles, 


C, 77-8; H, 48; N, 12:3. C,,H,,ON, requires C, 77-5; 
e solution in concentrated sulphuric acid had a blood-red colour 
ative \ mixture he 1 ne (0-5 2g), acetic acid (25 c.c.), and 


acetic anhvdride (5 ¢ fluxed . te product was collected and 


crystallised from acetic acid as yell irregula ates I 5-176 (Found: 


OLN, 


N, 11-6. 
luction of 3+ 


iminaz 2 g) was gradually added to a stirred suspension of 
the above triazine (0-5 g) 1 yt acetic acid (10 c.c.), when a clear solution was obtained 
The mixture was heated on th am-bath i mut an hour The solution was 
decanted from the excess of zir liluted with water, and made alkaline by addition of 
aqueous ammonia lid was collected, washed, and crystallised from aqueous 
alcohol ym which the product separated as pale yellow clusters of needles, m.p 


253°. alone or when m 1 with an authentic specimen of 4:5-diphenyl-2-p- 


hydroxyphenylglyoxaline prepared by the method of Japp and Robinson,” as modified 


by Cook and Jones." 

3-(4'- Aminophi -5:6-diph /-1:2:4-triazin Ammonium acetate (20 g) was 
added to a hot solution benzil (2 g -aminobenzhydrazide (1-44 g)** in acetic 
acid (20 c.c.), ; ve mixture boiled under reflux for 15 min. The product was 
isolated in the usual manne On crystallisation from acetic acid-alcohol, yellow, 


prismatic needles were obtained; m.p. 218-219 (yield, 2g) (Found: C 


H. 5-4: N. 16°8. (¢ H,, , requires C, 77°8; N, 17°3 ) 

The solution in concentrated sulphuric acid had a cherry-red colour 

icetyl derivative. The triazine (0°8 g) was boiled with acetic acid (10 c.c.) and 
acetic anhydride (3 c.c.) for about an hour. After cooling, the solid was collected 
and crystallised from acetic acid, being so obtained in light yellow, fluffy needles, 
m.p. 264-265" (Found: C, 75-4; H, 49; N, 15-0. C,,H,,ON, requires C, 75-4; 
H, 4-9; N, 15:3 

3-(4'-Nitrophenyl)-5:6-diphenyl-|:2:4-triazine. When a mixture of benzil (0°5 g) 
p-nitrobenzhydrazide (0-43 g), acetic acid (10 c.c.), and ammonium acetate (5 g) was 
refluxed for 20 min, the product separated as a crystalline precipitate. This was 
collected and recrystallised from acetic acid and so obtained in golden yellow needles, 
m.p. 200-201" (yield, g) (Found: C, 71-4; H, 3-8; N, 15-6. C,,H,,O,N, requires 
C, 71-2; H, 4-0; N, 15-8°%%) 

In concentrated sulphuric acid the usual cherry-red coloration developed. 

3-(3'-Methoxyphenyl)-5:6-diphenyl-1:2:4-triazine. Ammonium acetate (5 g) was 
added to a hot solution of benzil (0-5 g) and m-methoxybenzhydrazide (0-4 g) in 
acetic acid (10 c.c.), and the mixture refluxed for 20 min. After cooling, water was 
added and the pasty mass which separated was triturated with alcohol-light petroleum 


2 J. T. Hewitt and T. F. Winmill J. Chem. Soc. 91, 446 (1907): G. Struve and R. Radenhausen J. Pr. 
Chem. (2) 52, 236 (1895) 
F. R. Japp anc Robinson Ber. 15, 1268 (1882) 

27 D. Vorlinder anc Meyer Annalen 320, 136 (1901); T. Curtius J. Pr. Chem. (2) 95, 327 (1917). 
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(b.p. 60-80"). The solid which then separated was collected, and crystallised from 
alcohol-light petroleum (b.p. 60-80"), being so obtained in yellow needles, m.p. 129- 
130° (yield, 0-5 g) (Found: C, 78:2; H, 5:2; N, 11-9. C,.H,,ON, required C, 77-9; 
H, 5-0: N, 12°4°%) 

A blood-red coloration was obtained in concentrated sulphuric acid solution. 

3-(3':4'- Dimethoxyphenyl)-5:6-diphenyl-1:2:4-triazine. A solution of benzil (0-5 g), 
veratr-hydrazide (0°47 g), and ammonium acetate (5 g) in acetic acid (10 c.c.) was 
boiled for about 15 min under reflux. The solid that separated was collected and 
crystallised from acetic acid-alcohol, being obtained in yellow needles, m.p 177-178 

yield, 0-66 g) (Found: C, 74-7; H, 5:3; N, 11-5. C.,;H,,O.N, requires C, 74-8; 
H, 5-2: N, 11°4%) 

The concentrated sulphuric acid solution had a dark brown colour 

3-(2':4'- Dimethoxyphenyl)-5:6-diphenyl-1:2:4-triazine. A mixture of benzil (0°5 g), 
2:4-dimethoxybenzhydrazide (0°47 g), ammonium acetate (5 g), and acetic acid (15 c.c.) 
was refluxed for 20 min, when a solid separated and after cooling was collected. The 
base crystallised from acetic acid as yellow needles, m.p. 167-168" (yield, 0°65 g) 
Found: C, 74-9; H,4-9; N, 11-6. C,,H,gO.N, requires C, 74-8; H, 5:2; N, 11-4°,) 

rhe solution in concentrated sulphuric acid had a dark brown colour 
3-(3':4':5'-Trimethoxyphenyl)-5:6-diphenyl-\:2:4-triazine. Benzil (0-5 g) and O-tri- 
methylgallhydrazide (0-55 g) were dissolved in acetic acid (10 c.c.), ammonium 
acetate (5 g) added, and the solution was refluxed for 15 min. The solid which 
separated on cooling was collected and crystallised from acetic acid-alcohol, giving 
yellow needles, m.p. 158-159" (yield, 0-6 g) (Found: C, 72:3; H, 5:1; N, 10-0. 
C,,H,,O,N, requires C, 72:2; H, 5-3; N, 10°5°,) 

\ blood-red coloration was developed in concentrated sulphuric acid 

5:6- Ammonium acetate 
(10 g) was added to a hot solution of benzil (1 g) and piperonhydrazide (0-9 g) in 
acetic acid (20 c.c.). The mixture was boiled under reflux for about 20 min during 
which time a solid separated. After crystallisation from acetic acid-alcohol it formed 
yellow needles, m.p. 159-160" (yield, 1-3. g) (Found: C, 749; H, 3-9; N, 12:1. 
C,H, ( requires C, 74-8: H, 4:3: N, 11°9°) 

The substance gave a dark brown solution in concentrated sulphuric acid 

3-«-Furyl-5:6-diphenyl- 1:2:4-triazine. A solution of benzil (0-5 g), 2-furhydrazide 
(0-3 g), and ammonium acetate (5 g) in hot acetic acid (15 c.c.) was refluxed for 20 
min, when a solid separated. The substance crystallised from acetic acid-alcohol in 
yellow needles, m.p. 181-183" (yield, 0-4¢) (Found: C, 76:3; H, 42; N, 13-7. 
C,4H,,ON, requires C, 76:3; H, 4:4; N, 141°.) 

rhe solution in concentrated sulphuric acid had a blood-red colour. 

|-Aminoanthraquinone-2-carboxylic acid hydrazide. Methy| 1-aminoanthraquinone- 
2-carboxylate was prepared** by heating 1l-aminoanthraquinone-2-carboxylic acid 
with methyl hydrogen sulphate at 140° for half an hour. After crystallisation from 
acetic acid it formed red needles, m.p. 224-226. 

This ester (4 g) was dissolved in hot pyridine (30 c.c.), hydrazine hydrate (16 c.c. of 
90°.) added, and the mixture was boiled under reflux in an oil-bath at 120—-130° for 
3 hours. The solid which separated on cooling was collected, washed, dried at 100 
(2-4 g; m.p. 225°, decomp.), and crystallised from pyridine, forming brown needles, 


28 D.R.P. 609,401 Frdl. 21, 1031 (1934). 


: 
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m.p. 230° (decomp.) (Found: C, 641; H, 44; N, 15-0. C,;H,,O,N, requires 
C, 64-1; H, 3-9; N, 15-0°,) 
3-(1'-Amino-2'-anthraquinonyl):5:6-diphenyl-\:2:4-triazine (X, R = H). A mixture 
of l-aminoanthraquinone-2-carboxylic acid hydrazide (9 g), benzil (9 g), acetic acid 
(225 c.c.). and ammonium acetate (18 g) was heated under reflux for 2 hours. After 
cooling, the solid which separated was collected, washed, and dried at 110° (9 g, m.p 
234°). On crystallisation from pyridine, the substance formed brown needles, m.p 
237-5’ (Found: C, 766; H, 4:2; N, 12-0. C,,H,sO.N, requires C, 76°7; H, 4-0; 
lhe substance dissolved in concentrated sulphuric acid to a yellow solution 


3-( | The above 
azine (0-6 g), pyridine (10 c.c.), and benzoyl cl loride (0-5 c.c.) were heated together in 
an oil-bath at 124-135 for four hours ter cooling, water was added and the 
precipitate separated collected, washed, ; rystallised from acetic acid, being 
obtar ed in volde OV ire Ha Diate d ] Ou ( Heo 
O.N, requires N 

Its solution ncentrated Iphuri Vas 1 in colour 

3-( 1 -Amino-4 -bromo-. aquinon\ liph 4-triazine The triazine 
(| Was dissolve in vridu | ) added very cautiously 
the lukewarm solution and the mixture then heated on a steam-bath for about an hour 

The solid which separat was collected, was! ith sodium hydrogen sulphite 
solution and again with wi ystallisation from pyridine afforded violet needles 
(O-8 g), decompos! rradually at (Found: Br, 15-0 ,H,,O,N,Br requires 
Br, 15-0°.) 


A vellowish-orang oration developed in concentrated sulphuric acid 


When in another periment the triazine (1 g) was suspended in hot acetic acid 


id (4 c.c.) added, and the mixture 

romic acid ceased (7 hours) the 

took a diflerent il i Will separated was collected. 

vashed with bisulphite solution and finally with wate On crystallisation trom 
pyridine, yellow irreguls ySti decomposing abov were obtained. (Found 
5°). The substa lissolved in concentrated 


coloration The structure of this compound 1s not 


The authentic bromo-derivatis n be brought into reaction with p- 
toluidine at 200-210 oul > of sodium and cupric chloride 
1:4- Diaminoanthraquinon arboxyvlat slow stream of hydrogen 


sulpl de was passed through a suspension ol |-amino-4-nitroanthraquinone-2- 


carboxylic acid (5 g)*” in water (255 c.c.) and aqueous ammonia ( 120 c.c., d 0-88) for 


40 min when the original reddish-brown solution had turned dark blue. The mixture 
was kept at room temperature for some time, and the excess of ammonia and hydrogen 
sulphide were then removed by boiling the solution. The clear solution was filtered 
hot from free sulphur and acidified with acetic acid. The diamino-acid which separated 
was collected, washed, and dried at 100° (4 g; m.p. 330°). The substance crystallised 
from nitrobenzene at 170-180" in blue needles with a copper-bronze lustre, m.p. 340°, 


D.R.P. 279.866 Frdf. 12, 420 (1914) 
D.R.P. 293,100 Frdf. 12, 445 (1914) 


sulphuric acid with an oranee 
vet KI Vr) 
=. 
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alone or when mixed with an authentic specimen. 1:4-Diaminoanthraquinone-2- 
carboxylic acid (4 g) was dissolved in concentrated sulphuric acid (16 c.c.), and ethanol 
(4 c.c.) added gradually with care. The mixture was heated on a steam-bath for 8 to 
10 hours, cooled, and then poured on crushed ice and basified with potassium car- 
bonate. The solid was collected, washed with hot water, and dried at 100° (2 g; 
m.p. c. 195°). The ester crystallised from acetic acid-alcohol in blue needles, m.p. c. 
210°, when taken in a preheated bath (Found: C, 65-6; H, 4:5. C,,H,sO,N, requires 
C, 65-8; H, 4-5°,). The substance is soluble in benzene, and in sulphuric acid to a 
light yellow solution 

|:4- Diaminoanthraquinone-2-carboxylic acid hydrazide. 'WHydrazine hydrate (2-5 
c.c. of 90°.) was added to a solution of ethyl | :4-diaminoanthraquinone-2-carboxylate 
(3-5 g) in hot pyridine (35 c.c.), and the mixture heated on the steam-bath for 4 hours. 
The almost-pure product, which separated on cooling, was collected, washed, and 
dried at 100° (2:5 g; m.p. about 265°). On recrystallisation from nitrobenzene at 
170°, it formed blue, rectangular plates with copper-bronze lustre, m.p. 275°. (Found: 
C, 61-1; H, 40; N, 17°8. C);H,.O,N, requires C, 60°8; H, 41; N, 189%). The 
substance is insoluble in benzene 

3-(1':4' - Diamino - - anthraquinony! )-5: 6-dipheny/-|:2:4-triazine (X, R NH,). 
| :4-Diaminoanthraquinone-2-carboxylic acid hydrazide (6 g), benzil (4°8 g), acetic 
acid (420 c.c.), and ammonium acetate (60 g) were heated together under reflux for 
an hour. After cooling, water (200 c.c.) was added and the solid which separated was 
collected, washed, and crystallised from acetic acid, being obtained as a blue powder 
(3g), m.p. 244-246 (Found: C, 73-3, 73-2; H, 42, 42; N, 14:8. C,gH,gO.N; 
requires C, 74-2: H, 41; N, 14-9",) 

A yellowish-brown coloration was obtained in concentrated sulphuric acid solution 

3-(1'- Amino-4 A mix- 
ture of the last-mentioned triazine (1 g), pyridine (8-5 c.c.), and benzoyl chloride 
(0-33 c.c.) was heated in an oil-bath at 120-130" for 2 hours. The pasty mass obtained 
on treating the reaction mixture with water was triturated with alcohol, when a solid 
began to separate. This was collected, washed, and crystallised from acetic acid, 
giving blue, irregular crystals, m.p. 240-242" (Found: N, 12:3. requires 
N, 12-3°,). The substance dissolved in concentrated sulphuric acid to a yellowish 
green solution 

3-(1':4'- The tri- 
azine (1 g), pyridine (8-5 c.c.), and benzoyl chloride (1 c.c.) were heated in an oil-bath 
at 120—-130° for 3 hours. On diluting the reaction mixture with water, a pasty mass 
was obtained which was triturated with alcohol, when a solid separated. The deriva- 
tive separated from acetic acid in brown, irregular crystals, m.p. about 270° (decomp.) 
(Found: N, 9-7. C,,H,,O,H,; requires N, 10-3°,). Its solution in concentrated 
sulphuric acid had a reddish brown colour 

Phenanthraquinone benzoylhydrazone. This substance was obtained by condensation 
of equimolecular amounts of phenanthraquinone and benzhydrazide in hot acetic 
acid, with or without the addition of ammonium acetate. 

The derivative crystallised from acetic acid in yellow needles, m.p. 189-190". 
(Found: C, 77-5; H, 3:8; N, C,,H,O.N, requires C, 77-3; H, 4:3; N, 
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through sintered glass, whereby the sulphur remained undissolved. The acid-liquor 
was then poured on ice and diluted with water. The free amino-acid which separated 


was collected. washed. and dried at 100 Crystallisation from nitrobenzene gave 
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/usammentfassung 
Molek 


aie OF ¢ cannot 


A proposal ts also made 


Im Laufe der geschichtlichen Entwicklung der Stereochemie, die vor eins 
(wenn man als Anfangsdatum die klassichen Arbeiten von L. Pasteur aus dem Jahre 
1848 festlegt) in ihr zweites Jahrhundert getreten ist,—fehlte es nicht an Vorschlagen 
auf dem Gebiete der stereochemischen Nomenklatur Es finden sich daruntet 
Vorschliige, die von den prominentesten Gelehrten stammen: es geniigt die Namen 
von A. Baeyer, P. Walden, W Mever. E. Fischer zu nennen. Trotzdem fehlt bis zu 
den heutigen Tagen ein allgemein brauchbares und ein allgemein anerkanntes System, 
dass die Kennzeichnung des raiumlichen Baues der organischen Molekiile in den 
Benennungen gestatten wiirde 

Im Jahre 1951 erschien eine Schrift von R. S. Cahn und Ch. K. Ingold,° die einen 
wichtigen Schritt vorwirts auf dem Gebiete der stereochemischen Nomenklatur 
bedeutete. Wéahrend alle vorhergehenden Vorschlage die Bezeichnungen auf die 

* Fine kurze Ubersicht iber die Entwicklung der stereochemischen Bezeichnungen findet sich in unseren 


Arbeiten. 
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Vorschlag—die stereochemischen 
beziehen 
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ahn-Ingold-Prelog eingefiihrt werden,—bedeuten eine 
unerwunschte Komplizierung beim praktischen Gebrauch des Systems. Dieser 
Nachteil des C—I-Systems wurde schon von Freudenberg® hervorgehoben 


Wie gesagt, ist es eine wichtige Errungenschaft von Cahn-Ingold, dass sie als erste 
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das Raummodell als Grundlage betrachten, und ihre Bezeichnungen nicht auf die 
Projektionsformel zuriickfiihren, da die Formel ja ganz verschieden geschrieben 


werden kann. Aber bei der praktischen {nwendung eines Bezeichnungssystems Ist es 


wichtig eine Méglichkeit zu haben, die stereochemischen Bezeichnungen nicht nur aus 


dem Modell, sondern auch aus der Projektionsformel zu ermitteln. In dieser Hinsicht 
enthilt die neue Arbeit von Cahn-Ingold-Prelog einen wichtigen Fortschritt 1m 
Vergleich mit der Arbeit aus dem Jahre 1951: jetzt bringen die Verfasser eine ““Kon- 
versionsregel.”’ die die Bezeichnung mit der Projektionsformel nach Fischer verbindet. 
ist aber auch jetzt die Verbindung der C-I-P-Bezeichnungen mit det 

nicht immer anschaulich genug. Um ein Beispiel zu bringen, 

Bezeichnungen der asymmetrischen Atome der Glukose (1) und des 


Hexits (11) zu vergleichen 
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Zwei Valenzen des asymmetrischen Atoms verbinden ihn gewéhlich mit der Kette 
(Hauptkette), die dritte und vierte Valenz sind durch zwei verschiedene Substituenten 
besetzt. Wenn wir diese Substituenten *“‘a”’ und “*h”” bezeichnen, und die Abschnitte 
der Hauptkette “n— 1” (der Anfangsabschnitt der Kette, wo die Numerierung 
angefangen wurde) und “‘n 1’ (der Endabschnitt der Kette), so kénnen die zwei 
Raummodelle durch folgende Schemen veranschaulicht werden: 

Um die Raumstruktur eindeutig im Namen wiederzugeben, muss man die gegen- 


seitige rdumliche Lage der vier Gruppen am asymmetrischen Atom angeben. Um die 


Lage eines Punktes im Raum genau festzulegen, muss man seine Koordinaten beziiglich 


*s Achsensystems angeben. Wir wahlen als eine Ache die Hauptkette mit der thi 
Nomenklaturregeln erteilten Numerierung der Atome. 
neue Regeln einzufiihren. zwei genaue ““Koordinaten” 
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Form nach sind diese Buchstaben antisymmetrisch, was man mit folgender mnemon- 
ischer Regel zur Ermittlung der p-c-Bezeichnung in Zusammenhangb ringen kann 
stellt man das Tetrahedr desasvymmetrischen Atoms so. dass in der auf den Beobachter 


gerichteien Ecke sich der Anfang der Kette befindet. so wird der Beobachter die drei 


* Es so ‘ cre ICT rangaltestc Substituent cin, aber wie spatter eczeig geschicnht 
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restlichen Substituenten in der Basis des Tetraheders, die Ecke (n — 1) umgebend, 
erblicken (V und VI). 


Besitzt das asvmmetrische Atom eine ro-Konfiguration (V), so liegen die drei 
Gruppen in der Reihenfolge der steigenden Rangordnung (hb a n 1) gegen 
den Uhrzeigersinn—genau so, wie bei dem griechischen Buchstaben p eine Bewegung 
gegen den Uhrzeigersiznn vollzogen wird, wenn manihn vom Zentralteil zur Peripherie 
schreibt. Bei der sigma-Konfiguration weist die Lage der Gruppen und die Bewegung 
beim Schreiben den Uhrzeigersinn aul 

Fs ist auch ein dritter Handgriff fiir die Ermittlung der p-o-Bezeichnung 
stellen wir uns vor. dass der Beobachter auf dem asymmetrischen Atom innerhalb 
Winkels (109° 28’). der durch die Valenzstriche zu den Substituenten “a” und 
vebildet ist. steht. und in Richtung des Atoms “"n 1°’ blickt. Bei einer p-Konfigu- 


Substituent links vom Beobachter liegen (VII), bei einer 


~ 


I o-o-Konfiguration nicht an Hand des Modells. son- 

Projektionsformel nach E. Fischer bestimmt, so gilt die Regel bei einer 
lings der Hauptkette gemiiss der Numerierungsordnung der Atome wi 


der rangiilteste Substituent des asymmetrischen Atomes bet der p-Konfiguration lt 


Beweguns 


und bei der o-Konfiguration rechts liegen 
kliche Fischer’sche Projyektion gemeint 


Nebenbei gesagt, es ist die wi .’ also die 
projezierung einer Konformation, in der die Kohlenstoffkette eine C-ahnliche Form 


hat und mit dem “offenen”’ Teil des “C”’ der Projektionsflache zugewandt ist Diese 


Bemerkung scheint uns notwendig, da in der Literatur auch andersartige Projektions- 


verfahren irrtiimlich als ‘“‘Fischersche Projektionsformeln”’ auftreten. Das ist z.B. in 


dem bekannten Buch von Schlenk und Bergman der Fall.° 


E. Fischer Ber. 24, 2683 (1891) 
W. Schlenk und E. Bergmann Ausfiihrliehes Lehrbuch a organischen Chemie Bd 5 Leipzig- 


Wien, Franz Deuticke (1932) 
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Das Molekiil wird hier “‘von oben’’—liings der Achse betrachtet. die beide C-Atome 
verbindet. Die einzelnen Konformationen unterscheiden sich dabei durch den 
Winkel », den die zum rangiiltesten Substituent fiihrenden Valenzen bilden. Es wird 
von uns vorgeschlagen diesen Winkel immer im Uhrzeigersinn abzulesen und die 6 
méglichen Konformationen durch die Angabe dieses Winkels wie folgt zu charak- 


ter 


XVil und XIX, XVI, und 
» Konformationer 


Hier sind die rangiltesten Substituenten in der Propankette: bei C, Phenyl: 


bei C, Methyl. Der Winkel @ muss also zwischen ihnen abgelesen werden. Wenn 


man noch die Konfiguration der 2 asymmetrischen Atome in Betracht zicht. so ergiebt 


sich die Bezeichnung 


| g*-Phenyl-o 2-Aminomethyl-propanol-c! 
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Auch die Konformation komplizierter Ringstrukturen kann mittels der vorge- 
schlagenen Methode bezeichnet werden, z.B. 


7155105155 
Die richtigen ~-Indexe kénnen in diesem und dhnlichen Fallen nur an den Mo- 
dellen ermittelt werden 
Zum Schluss wollen wir nochmals besonders hervorheben, dass das \ 
Svstem zur Bezeichnung von Stereoisomeren nicht test al 
Nomenklatursystem gebunden ist: die p-o-Bezeichnungen ‘nin Verbindung 


mit einem jeden Namen gebri: ht werden, der die Struktur der Verbindung abspie- 


gelt. Ein Beispiel dazu: die gen mit den Projektions formeln XXII und 


XXIII. die in der Arbei 


CHoNH; 


2-Amino -1(3.4- dioxypheny!)athano 
oder 


o-2- Oxy- 5 (3.4- dioxypheny!)-ethylamir 


Die Bezeichnung ist bei verschiedener Numeriecrungsart wohl 1 lieden, abet 
sie erméglicht trotzdem einen Ubergang zum richtigen Baummodell (oder zur Projek- 
tionsformell), und etwas anderes verlangen wir auch nicht von den Bezeichnungen 
p-a! 

Ja, die Hauptkette kann mit Verletzung der Regeln gewahlit sein, die Numerie- 
rung kann jeglichen Regeln wiedersprechen, der Name kann fa/sch gebildet sein,—aber 
wenn nur der Name, der erhalten wurde, die Strukturformel richtig zu rekonstruieren 
erlaubt (jeder Organiker kennt Beispiele dazu!)—ist auch das richtige Raummodell 
herauszubekommen! Noch desto mehr man kann schliesslich (irrtimlich oder 
bewusst) auch die Regeln zur Wahl des rangiltesten Substituenten verletzen und 
damit die p-o-Bezeichnung auf das “‘falsche’’ Substituent beziehen. Da aber die 


Bezeichnungen unmittelbar an der Ziffer stehen, die die Lage dieses Substituenten 

* Die Numerierung und Namenbildung gemdss den Vorschlagen von A. P. Terentiev und Mitarbeitern.*:?+* 

* A. P. Terentiev XIV Internationaler Kongress fiir reine und angewandte Chemie Referatenband Zirich, 
No. 408 (1955) 
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angiebt,—hat das keine Bedeutung zum Ubergang zum richtigen Raummodell, z.B. 
aus dem Namen “p3-Brom-3-Nitro-2-Methyl-2-Athyl-Butan” erhalt man die richtige 
Projektionsformel XXIV, trotzdem dass in der Benennung die Hauptkette falsch 


vewihlt. die Numerierungsregeln verletzt und die Wahl rangialtesten 


Substituenten am asymmetrischen Kohlenstoff irrtimlich ist 
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ETUDES CINETIQUES DANS LE DOMAINE DES 
DERIVES POLYCYCLIQUES AROMATIQUES—V 


REACTIONS DE SOLVOLYSE DE DERIVES CHLOROMETHYLES 
D'HYDROCARBURES POLYCYLIQUES AROMATIQUES CONDENSES 


P. J. C. Frerens* et J. BeErKOWITCH 


| niversite l ibre de Bi uxelles { Belgique), I aculteé des Sciences, Service de ¢ himie ( rganique 


(/n revised form 18 December 1956) 


Abstract—The solvolyses in different media of six polycyclic aromatic chloromethyl derivatives have 
been followed conductometrically according to a previously described method. Kinetic constants 

Arrhenius parameters are given 

The results are disci 1 in terms of mechanistic changes and solvation. It is shown that the 
equations proposed by ila and Dewar to correlate the S_1 solvolysis rates lead to the same 
qualitative conclusions 
LA presente étude s integre dans le cadre de recherches experimentales entreprises, 
dans ce laboratoire, sur les reactivités relatives des différents sommets de molécules 
hydrocarbonees polycycliques aromatiques. Son but tend a preciser les possibilités 
d’application offertes par les conclusions des travaux théoriques consacrés a ce sujet 
dans les quinze derniéres annees (C. A. Coulson, R. Daudel, A. et B. Pullman, R. D. 
Brown, etc.) 

L’interpretation precise des premiers résultats cinétiques relatifs aux solvolyses de 
derives chloromethyles aromatiques n’a pu étre réalisée exclusivement sur la base de 
effet de conjugaison.' L’analyse des données expérimentales a montré lexistence de 
facteurs perturbateurs, parmi lesquels il convient de citer: Il’effet sterique, l’effet de 
solvatation et la variation du mécanisme reactionnel en fonction de la structure 

P. J. C. Fierens et a/. ont pu préciser, dans une publication antérieure,* le mode 
d'action de lefflet sterique et son importance vis-a-vis de l’effet de conjugaison. 
Quant a leflet de solvatation et a la variation du mécanisme réactionnel. leur mode 
d'action etant complexe, ils necessitaient une etude plus poussée dont nous rendons 
compte 

1 RESULTATS EXPERIMENTAUX 

Nous avons engage, dans des reactions de solvolyse, les halogénures suivants: 

le chlorure de benzyle, le chloromethyl-1l-naphtaléne, les chloromeéthyl-3 et -9-pheén- 


anthrénes, le chloromeéthyl-9-anthracéne et le chlorométhyl-10-benzanthracéne-] 


Les solvants utilises sont constitues par des mélanges binaires eau—dioxane, en 


proportions variables, et un melange ternaire eau—acide formique—dioxane. La com- 


,oSition des solvants binaires s’étend de (eau 20,5 ‘ dioxane 79.5°.) a (eau 79.5 
| 


* Associé du Fonds National Belge de la Recherche Scientifique (F.R.N.S.) 
' Part I P. J. ¢ Fierens, H. Hannaert, J. Van Rvysselberax t R. H. Martin Helv. 38, 2009 (1955) 
Part Il J. Brindli, E. Dujardin, P. J. C. Fierens, R. H. Martin, et M. Planchon Helv. 39 (1956). 
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dioxane 20,5°,), sauf, pour le chlorure de benzyle dont la solvolyse a pu @tre suivie 
dans l'eau pure, et, pour les chlorométhyl-9-anthracéne et chlorométhy!-10-benzan- 


thracéne-1,2 dont les vitesses réactionnelles sont trop élevées pour des teneurs en 


eau supeéricures a 

Le solvant ternaire est de composition (eau 5,3 acide formique 69,7 ° dioxane 
25,0°,), élargissant un domaine de solvants deja employe précédemment.' 

Les mesures cinétiques ont été réalisées a l'aide méthode conductometrique® 
et les constantes de vitesse ont été calculées par la formule du premier ordre Les 
concentrauions ont ete corrigees en tenant compte du coefficient d’expansion ther- 
mique des solvants.'+* 

Les résultats sont consignés dans le tableau |, of la température (7~) est exprimee 
en degrés centigrades, (mn) représente le nombre de mesures, (a) la concentration 
initiale en halogénure organique, exprimee en mole/litre, et (A) la constante specifique 


| ne (s 
uj faien 


aioxane 
0.017 


O.O1¢ 


Hannaert Bu g. 64, 191 (1955) 
A140, 406 (1929) 


bad 
de vitesse, donnee en sec 
TABLEAU | REACTION: SO DE ArCH,Cl 
1.0 0 1.34 10 
79.) ”) 0.01728 153-10 104.0 20 0 x4 407-10 
90.3 0.01709 170-10 111.2 20 7.43-10 
2 0 0.01690 4 10 
100 0.01673 164-10 
ae eau 49,3 lioxane 50 
~ 
> 
$5.0 0 110-10 
2 ) 201-10 60,0 20 0,02021 $.41-10 
ea 
25.0 20 6,13 10 
15.0 20 6,98 
P. J. C. Fierens, A. Halleux et H 
* Herz et | 7. Ph Chem 
2 
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TABLEAU I ontd 


acide formique , : 3 dioxane 50,7 
dioxane 25,0 


0.01054 
0.01863 6 2 0.01046 
0.01844 2 0.01039 
0.01844 ) 20 0.00539 


0.01829 
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| — 
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5 
5.61 -10 
40.0 20 246-10 4 
10 /1-10 
7 
10 20 44 10 
60.2 20 254-10" 
Chlorométhyl-3-phénanthrén 
eau qaioxane ) 20 4190-10 
5 UU! d +4 : 
on 0.01554 176 10 70 m< 
99 9 1%) 3.18 ) 
3,47 
| Z 0-10 
cau 4 oxane SO 35 10-4 
400 > 10 
79.9 180-10 
{ 0) ) ) 4 10) 
wo 18 ( 25-10 
2 wice forn e ¢ 
oxane OU UULYOC 4 
40.0 0.01436 
51.0 0 0.0142] 63°10 Chlo ) thrace) 
60,2 ) 0.01410 16-10 
749 0.0139] j 10 
Onhenanthre: 
eau 20,5 dioxane 79,5 45.0 20 0.01 177-10 
44 0.02078 312-10 
03 20 0.01801 1,28 - 10 
99 0.0202? +O1-10 
: 250 1,26 iV 
q 
Pee 4 - 
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TABLEAU 2.—REACTION: SOLVOLYSE DE ArCH,Cl 


Solvant ol FE) log pZ a(log pZ) 


dioxane 79,5 20,7 0,03 


hlorométhyl-\-naphthaléne 


0.03 


00] 


0.03 


0.04 


; 
~~ 
22 
133 
a Chlorure de benzyle 
3 eau 20 02 0,02 
eau 20,5 dioxane 79,5 2?) 0.02 
? eau 49,3 dioxane 50 22,42 7 10,45 0.0] 
ea ) dioxane 20,5 22,52 12.31 0,02 
eau 5,3 
ac. forn 69.7 24.19 12.28 0.0? 
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anisme 


solvati 


te Nous devons dk 


que ics 


processt apportees ala 
ne nce lature du processus Dans ce 


position du milicu 


nous avons utilise quatre S avee sucees 


Etude des constantes par la relation de Winstein et Grunwald 


cise les conditions requises pour l'utilisation de cette 


La sévérité des hypotheses fondamentales, sur lesquelles celle-ci repose, fait 


P. J. C. Fierens et a/.” ont pre 


relation 
que sa vérification n'est possible qu’au sein de classes restreintes d’halogenures 


Mme. L. Wilputte Chim. Bele. 64, 308 (1955) 


arch Fornille Ar} 
CO. 
JVC 134 2:3 134 
— 
le probléme ne sen trouve pas simp pour autant. En effet, si le pouvoir de c 
uc ac ac ci cs ¢ t gueicondque ac 
novaux est dilicre ic. cl. Par cgucni est CIT du geegre de soivataniol 
Ny is Gevons don enare, ¢ co para eco portement Ge uc Cs 
engages dans a une variation de ¢ opie activalio dant 
interpretation des resultats difficile 
EEE tion risque de produire une moc ictuellement 
TT 
but 
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organiques, caractérises entre ceux par de fortes analogies de structure. Les dé1 
ms ctudies ne pres stiigues a 


msteimn et Csrul wald cst averee 


niant pas ces Cal 
lisabie 


rela 


Br 


nsiants 


par Brown ct Hudson 


apport 


derives d 


solvatatior Ne farsant 


de Wi in ct Grunwald 


problen 
\ Laide 


solvolyse de 


(cf. tableaux IV et V) 


iu cou;©rs desquc 


r celles du pon 


vitesse specil que d iulal aibles que ic 
mecanisme reactionnel, ul Important 


etats transitoires 
Par contre, le passage du solvant (eau 49,3 

dioxane 34,] jue, pour le chloromethyl phtaléne, ugmentation 
lle provoguec ni benzyvie pal le 
50.7°.) au solvant (eau 


a ce 
) 


de vitesse specifig 
70 


dioxane 


passage de (eau 
Nous avons donc ici une valeur trés différente, pour chaque derive de la balance des 
en d'autres termes, le dérivé naphtalénique 


facteurs “rupture” et “formation” 
réagit par un mécanisme plus proche de la Sy 1 que celui du chlorure de benzyle. 


(b) Des considérations analogues a celles qui viennent d’étre exposees montrent 


R. F. Hudson J. Chem. Sov > (1953) 
S Fennicae A n 65 (1955) 


A. Brown et 
s Hannaert Bull. Soc. Chim. Bel 


E. Tommila, M 
64, 632 


Mme. L. Wilputte-Steinert, 
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_ 2. Etude des comms de vitesse par la relation de Brown et Hudson 
6 
Tommila elle est de la forme 
ou A csi i constante de vitesse de la so nyse, a e certaine te ™ tu aun j 
derive ene da S Ul int mixte { est ltuant uds uant 
f est la c centration ¢ moie litre de i da 
n est ordre de la reaction par ra au constituant A 
La c ce, pot un dérive determine et diver eux, de l’ordre de iclion 
ws @ par rapport a A, imp t une méme contribution de la solvatation par ce cor 
Stiluant, a iW iclle ser ussocie type d ca ‘ ac 
a n significrait une modification de la solvatation, entra int, survant Tomn c du 
meécanisme. De la comparaison des valeurs de obtenues, par cxempic, dans ics 
aay solvolyses monomoléculaires d'un méme derive dans divers solvants Ou de plusieurs 
ippe a aucune structure de referenc aliinstar de i 
equation (i) s appliquerait particulierement bien a notre 
beg P| de let semble des resultats obtenus jusqu a present dans | etud age ia 
derives chloromethyles d’hydrocarbures polycycliques aromatiques 
ye Res. nous avons construit les graphiques des figures | et 
> 7 | | 
: (a) Le passage du solvant (eau 20,5 /9.5 celui de co 
(eau 49,3 dioxane 50,7 }s accompagne, pour le chlorure de benzyie et chioro- 
; méthvl-l-naphtaléne. d'une augmentation comparable de la vitesse sp gue. Ce 
point semble montret gue dat ce domaine ics GcuX pr rea ssent pal des 
processus S,2 semblables, |s Ics contributions du “bond iking 
; l'emportent de beaucoup su) breaking On sait, en effet, que les 
differences de F,. par exemp | dans un méme solva des differences de 
ceci étant di a la nature des 
(1955) 
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que la différence de comportement entre les deux mémes dérivés est plus sensible dans 
les milieux ternaires pauvres en acide formique, ce qui implique plus grande contri- 
bution du “bond breaking” vis-a-vis du “bond making” et une tendance plus marquée 
4 se rapprocher du processus monomoleculaire. 

(c) Les conclusions tirées des résultats figurant dans les tableaux 4 et 5 peuvent 


ainsi étre schématisées de la maniére suivante: 


| 


Sy2 déterminee” | determinee S,,2 | 


1 famille A 
dét. S,, fernilte | 
(S..1) 
familie 


familie D } 


L — 
50 100 35 5570 9599-5 
*le HCOOH 
Solvants binaires Solvants ternaires 


eau — ac. formique - dioxane 


eau - dioxane 
*Nous entendons par S,2 determince un processus auquel correspond une solvatation 
de type constant caractérisé par une valeur determince de la balance “bond breaking 
bond making”. Il s’'agit donc d’un échelon particulier dans la serie des mécanismes 


bimoléculaires, lequel ne coincide pas avec une 5 y2 limite. 


3. Etude des constantes de vitesse par la relation de Dewar 


Dans un travail récent. Dewar a tenté d’effectuer le calcul theorique de la variation 


d’énergie libre 


d’activation se produisant lorsque. dans des solvolyses monomoleé- 
culaires de dérivés ArCH,Cl, on fait varier la nature de Ar. L’expression obtenue 


pour la constante de vitesse d'une solvolyse monomoléculaire est de la forme: 


2a,p 1) (11) 


la liaison (¢ 


ot) AF, est due a la rupture de & i 

AE... est due a la différernce des énergies de solvatation entre letat initial et 

"état transitoire, 

a, est le coefficient d’orbitale moléculaire non liante de l’'atome de carbone 

exocyclique dans le cation Ar H,” (cf. tableau 3), 

8 est l'intégrale de résonance associée a la liaison subissant héterolyse 

Des valeurs de ce dernier paramétre, on pourrait, selon Dewar, tiret des renseigne- 
ments sur la contribution du “‘bond breaking” au processus de solvolyse etudie. C'est 
ainsi que l’auteur établit, a l'aide de résultats experimentaux, que / est de l’ordre de 30 
kcal pour un processus ou la contribution du “bond breaking” est, de tres loin, la 
plus importante, alors qu’elle ne serait que de 5 kcal dans un mécanisme ou le “*bond 
making” est prédominant. De plus, dans ce dernier cas, les points representant les 
dérivés de différentes familles (cf. tableau 3) se placent surune méme droite, alors que 
pour la Syl, il y a lieu de distinguer plusieurs trongons paralleles (de pente /), chacun 


* Le sens physique de n fera objet d une communication ultericure, cat la constance de n ne nous 


l'existence seul type de processus reactionnel 


parait qu'une condition suffisante a | 
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se rapportant a une famille. Cette dissociation serait due 4 une modification constante, 
pour chaque famille, de l’energie des electrons o (cf. AZ,). Enfin, auteur estime que 
les variations de log pZ et de AEF jvtation SC COMpensent, lorsque l'on modifie la 
nature de Ar 

L*interpretation des résultats basée sur la relation (ii) concorde parfaitement avec 
celle proposce ci-dessus en utilisant la relation (i). Elle met qualitativement en 
evidence une evolution du processus réactionnel de solvolyse en fonction de la nature 


de Ar (cf. figures 3 et 4). Toutefois, si on peut admettre que, au sein de chaque 


famille, AE. est indépendant > Ar, experience montre lexistence de effet de 


solvatation, auquel nous avons fait allusion dans I'Introduction, et qui est distinct de 


celui lic a la variation du mécanisme réactionnel. Cet effet est d’ailleurs responsable 
de la difference de vitesse existant entre deux derives caracterisés par une valeur 
identique de dy et appartenant a une méme famille B 


Exemple: dans le solvant (eau 49,3 dioxane 50,7",,) et a 25°, pour le 
chloromethyl-l-naphtaléne, log 6,00 


log 
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Cet effet doit, par conséquent, se manifester dans chaque famille, par une variation de 
la différence entre log pZ et AE. iwatations Ce Qui explique probablement le manque de 
rigueur dans la linéarité de certaines relations observees. 

La vérification de l’équation (ii) et la constance de / qui en découle ne sont donc 
qu'une condition suffisante 4 l’existence d’un seul type de processus réactionnel 


4. Etude des paramétres d’ Arrhénius (E et log pZ) 


Le lien existant entre ces paramétres et la composition du solvant est represente, 
sur les figures 5 et 6, pour tous les produits étudies 

L’existence, dans quelques domaines de solvants, de relations linéaires entre, d'une 
part, les valeurs de log k et, d’autre part, la composition de ces milieux et les constantes 
diélectriques qui les caracterisent, nous a permis l'interpolation de certains de nos 
résultats expérimentaux. Nous avons pu ainsi completet le tableau 4 et préciser 
l'allure des courbes de la figure 5 

(a) Nous pouvons tenter d’expliquer les formes apparemment bizarres de ces 
derniéres en nous basant sur le raisonnement-type appliqué récemment par Tommila, 


dans un cas similaire.!?_ Envisageons les phénoménes caractérisant les solvolyses d°un 


halogénure hypothétique ArCH,Cl, qui ragirait, dans l’intervalle de (eau | °,—dioxane 


: 
a 
} 
7 
4 
vy 
y 
| 
“A 
Fic. 4 
eau 0.5 sc. form e 99.5 
‘ 1 5.3 ac. formique 69,7 lioxane 25{ 
eau 6,1 ac. formique 54,1 lioxane 39,5 
5,8 ic. formique 34,0 dioxane 60,2 
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TABLEAU 4.—SOLVOLYSE DE DERIVES DU TYPE ArCH,Cl DANS DES SOLVANTS EAU—DIOXANE 


(a: volume en eau) 


fam.8 


« 
25 
mole/ litre of 


Deux 


celles des ¢ 


constitucnt que des 
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a 
tom A | fom | fom ton.B | 
Bia. 
og Kos 
20°5 11-48 1-060 -8-01 -7:73 -7-87 -4:76 | -5:33 
24-C 13-47 1-129 -7- 47 (-7-63) (- 4-93) 
27-0 15-17 1-181 - - ~7°29) (-7-45 -4-63) 
as (7.0 17.00 AO 
34:1 19-23 1-284 -7-30 - 59 08 4-U2 
21°57 1-334 - 6€ 2-48  -3-68 
43-0 24-30 6-60 3-2 
49-3 27-86 1-445 6.80" 6-29 6-OC -6:26 1-31 2-72 
32-78 1-S1€ 5:49 5-7€ - 
659 37-6 570 - 29 
73-0 41-07 1-614 -4-6C -4-87 . 
79:5 44-60 1-649 -4-21 4.49 
a 
r ac 1744 a7" 
M LW 5 65, 
99° jAle 99 diox successivement ft différents mécanismes SN... puis 
1 tendance a solvater toute cule t cent eact 
onnel). tant a l'état iti , tat transit e | ddition d'une faible au tité d’eau 
cenire reac Ci?) GUC Cll i i | | 
premier notera don e ac / Da ce | ea int ics 
meécanismes ectant bimoles (cf. D i difllerence de p envi- 
ac su p indc | cnt ( iv< ta ac | 
croissance de E. La yn du eal ore nlus 
importante, au tur ct a me ic ie p ce en cau est plus cic it , 
tore deviend i Diu | ‘ | | 4 ( ‘ ‘ il bial ul 
dernier | emportera a iveau,. grad ir de etat ll ary 
plus modifiee ( cons ct ou to iu ouve ax gua gd cau 
nfiluencera Gcs iors ia & ‘ gu ula gu 
novau. de molecuics Gd cau aux mn cu age ad produil une age 
l"énergic de solvatation tant de I ctal gue de ctat 1 tef Ce 
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HETEROLYTIC DECOMPOSITION OF ONIUM COMPOUNDS 
(DIPHENYL HALOGENONIUM AND 
TRIPHENYLOXONIUM SALTS) 


A. N. NESMEYANOV, L. G. MAKAROVA, AND T. P. TOLSTAYA 
Academy of Sciences of the U.S.S.R., Moscow 


(Received | January 1957) 
THE present report deals with theiny estigation of various types of exchange of aromatic 


onium compounds. In Table | are listed the types of aliphatic and aromatic onium 
compounds known at present. 


TABLE | 


Alk 30 Atk oF 


One must add to them aryldiazonium salts, which may be considered as onium 
compounds of the nitrogen molecule. In exchange reactions, onium compounds, parti- 
cularly ammonium! and oxonium,? transfer their aliphatic radicals to the attacking 
molecule heterolytically (Table 2). 


1 A. E. Porai-Koshits Trudy Leningrad. Khim.-Technol Institute, Vypusk I (1934); D. N. Kursanov and 
V.N.Setkina J/zvest. Akad. Nauk. SSSR, Otdel. khim. nauk. 190,274 (1949): 386(1950): Doklady Akad. 
Nauk SSSR 65, 847 (1949); D. N. Kursanov, V. N. Setkina, and V. M. Rodionov J/zvest. Akad. Nauk 
SSSR, Otdel. khim. nauk. 228 (1948); D. N. Kursanov and O. M. Shemyakina Doklady Akad. Nauk 
SSSR 62, 341 (1948); E. Meyer C. A. 5, 887 (1911); H.R. Snyder eral. J. Amer. Chem. Soc. 61, 668, 
2895 (1939): 66, 200, 350 (1944); 67, 38 (1945); 70, 1703, 1857, 3855 (1948): 71, 663 (1949); 73, 970 
(1951). 

H. Meerwein, G. Hinz, P. Hofmann, E. Kroning, and E. Pfeil J. Prakt. Chem. 147, 257 (1937); H. 
Meerwein, E. Battenberg, H. Gold, E. Pfeil, and G. Willfang J. Prakt. Chem. 154, 83 (1939). 
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2 


Heterolyse 


HOC,H > C,.H.CH,OC,H 


ROCH,N Cl HOR >» ROCH,OR 


(C.H.),OBF RCOOH >» RCOOC.H 


(C.H,),OBF, R,N > [R,NC.H.)BF, 


On the other hand, it has been shown previously” and by our investigations that 


aromatic radicals are usually transferred homolytically as free phenyl radicals Such, 


for example, is the method of synthesis of aromatic organo-mercuric compounds 


discovered in 1929. when decomposing double diazonium salts and mercuric chloride 


C.H.N.HeC Cu > C.H.HeC Nesmeyanov, 1929 


C.H.N.C Hg > C.H.HgC McClure, Lowy, 1931 


Nesmeyanov 
Kocheshkov 


(C.H.).SnC 


1935 


Nesmeyanov 
Kocheshcov, 


H.).PbC 


(Cc 
1935 


C.H.N.BF > C.H.HgC Dunker et al/., 1936 


Waters, 1937-1939" 


Gilman, 1939 


Nesmeyanov, 
Kocheshkov, 1940 


Nesmeyanov 


Kocheshkov, 1944 


Nesmeyanov, 
Kocheshkov, 1945 


Nesmeyanov 
Makarova, 


(C.H.), TIC 1952 


>» (C.H.).SnC Nesmeyanov 


C.H._N.BF Snc Zr » Makarova, 1952 
C,H,SnCl 


OH 
C,H.N,BF, MCI > C.H.MO(OH), (C,H,).MO(OH) Doak, 1952-1954 
P.Sb.As 


M. Gomberg and J. C. Pernert 
(1937); 


7 (1939) 
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a M — Hg, Sn, Sb, S, Se, Te, As 
C,.H.N.BiC B > (C.H.).B 
C.H,N,SbCl, » (C_H.).Sb 
C.H.N.BF Pt >» (C,H,),Pb 
; 
| 
Soc. 4%, 1372 (1926); D. H. Hey and W. A. Waters 
W. A. Waters J. Chem. Soc. 2007 (1937); 843, 1077 (1938); 864, 36M, 
aa 


Heterolytic decomposition of onium compounds 147 


with powdered metals,“ as well as a number of similar syntheses of organo-metallic 
compounds carried out at a later date (Table 3).° 

rhis is the case also with diaryliodonium salts. Thus, diphenyliodonium chloride, 
under the action of a metal (mercury, selenium, tellurium), homolytically transfers its 
phenyl radical to form organo-metallic compounds.® 

Whether the phenyl, transferred from ammonium or oxonium, would follow the 
alkyl ammonium and oxonium mechanism or the phenyl diazonium and iodonium 
one, could not be decided, tetra-aryl ammonium and triaryloxonium having been un- 
known 

In a series of investigations we have shown that it is possible to make diazonium and 
iodonium salts transfer their aromatic radical heterolytically. We have used this type 
of reaction to extend synthetic procedures as well as for obtaining new types of onium 
compounds such as diarylchloronium, diarylbromonium, and triaryloxonium. 

lo effect the heterolytic cleavage of phenyl from the iodonium and diazonium salts, 
it was necessary to decompose the salts of these onium cations with stable complex 
anions. In fact, it has been shown that phenyldiazonium and diphenyliodonium boro- 
fluorides do decompose heterolytically. In contrast to the corresponding chlorides, 
they do not form organo-mercuric compounds with metallic mercury. On the 
contrary the phenyl cation resulting from the decomposition of diphenyliodonium 
borofluoride’ is fixed by a pair of free electrons of nitrogen, phosphorus, antimony, 
sulphur, and selenium in trimethylamine, pyridine, triphenylphosphine, triphenyl- 
arsine, triphenylstibine, diphenylsulphide, and diphenylselene, forming new onium 


borofluorides 


1 


N(CH.) C,.H.N(CH.).BF, 
NC.H ]BF, 
P(C,H,) (C,H.), PBF, 
IBF, As(C,H,), (C,H.),AsBF, 
S$b(C,H.) (C,H.), SbBF, 
S(C,H,) (C.H.),SBF, 
Se(C.H.) (C,H.),SeBF, 


All these reactions give excellent yields It should be noted that in none of the 


conditions investigated did the phenyl from diphenyliodonium chloride react with 


4.N.Nesmeyanov Zhur.R bshcn 1929): Ber. 62, 1010(1929): A. N. Nesmeyanov 


ind E.1.K n hur. Ru his hen 129), Ber. 62, 1018 (1929); A. N. Nesmeyanov and 
Makarova ZFhur. O hohe 41) N. Nesmevanov. N. TI Gsiusnney, Th 

7 4): Ber. 67, 130 (1934 N 

4. N. Nesmeyanov and M 


" 
| 


loropova hshche hin (1934) 

A. N esmeyanoyv, K. A. Koches ind V. A. Klimova i hshchei. Khim. 6, 167 (1936): Ber 
68, 1877 (193 K. A. Kocheshkov, A. N. Nesmeyanov, and DI Zhur. Obshechei Khim. 6, 172 
(19% A. Kocheshkov N. Nesmevanov id Otde hin nauk 416 
(1944); O. A. Reutov and O tsyna D ady Al Nauk. 79, 819 (1951); K. A. Kocheshkov, 
and \ NX Nesmevanov Fhur [ Khin 6, 144 (1936) I K Kozminskava M M Nadj 
and K. A. Kocheshkov Zhur. Obshchei Khim. 16, 891, 897 (1946). Gilman and Svigoon J. Amer 
Chem. S 61, 3586 (1939): Gilman and Yablunsky J. Ame Chem. Soc. 63, 949 (1941) 

R. B. Sandin, F. T. McClure and F. Irwin J. Amer. Chem. Soc. 61, 2944 (1939) 

L. G. Makarova, and A. N. Nesmeyanov § /zves! ka mk SSSR. Otdel. khim. nauk 617 (1945). 
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triphenylarsine, triphenylstibine, diphenylsulphide, diphenylselene, but reacted with 
triphenylphosphine to form tetraphenyl-phosphonium in 40", yield 


The reaction with pyridine is the most definite indication of the ionic or radical 


decomposition The phenvl cation formed by decomposing diphenyliodonium 


borofluoride results formation of the N-phenylpyridinium salt in vield,’ 


whilst the pheny adical formed during 


rir 


decomposition of diphenyliodonium 


and phenyldiazonium chlorides enters the pyridine nucleus 


N N 


borofluoride also adds on the free 


the phenolic, carboxylic, 


mine 


enolleads to diphenyloxide. 


TABLE 6 


> (C.H.).0 


NO 


COOC,H 


o-CH,C,H,, p-CH,C.H,, 
p-C.H.OC.H, 
» P-NO.C.H,, 


Us 132, 109 (1950) 
741 (1951 


2253 (1947) 


BF 
C.H 
na from dip! 
air of electrot liphenvliodon 
and carbet en and nitrogen, 
D oxygen and the Phenylating 
rofluoride in ph 
HBF 
4 car 
COOH 
ar 
YO 
C.H.COOR 
C,H,COOC,H 
: R 
oO - 
| 
> 
C.H.NHAr 
Ar 
C.H 
p-LH ox 
> 
(C.H.) 
A. N. Nest N 
L. G. Makarov L. G. Makarova Uch. Z 
* R. B. Sandin and thad. Nawk SSSR, Mosh 
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In capronic, benzoic, and 3,5-dinitrobenzoic acids it yields the corresponding 


phenyl esters. In the alkyl benzoate and phosphate, re-esterification takes place. 

Decomposition of diphenyliodonium borofluoride in methyl and ethyl benzoate 
and in methyl, ethyl, n-propyl, and n-butyl phosphate results in the formation of the 
corresponding phenyl esters 

Decomposition of diphenyliodonium borofluoride in phthalimide leads to N-phenyl 
phthalimide, and decomposition in primary and secondary aromatic amines gives 
respectively secondary and tertiary amines 

Phenyl, resulting from diphenyliodonium borofluoride, does not add to tripheny- 
lamine or to triphenylbismuth 

The decomposition of aryldiazonium borofluorides was first observed to take 
place heterolytically in the benzene nucleus containing substituents.’ Phenyldia- 
zonium borofluoride and other aryldiazonium borofluorides were decomposed in 


benzene derivatives containing meta-orienting substituents. Homolytic decompo- 


sition of aryldiazonium borofluorides should have led to the aryl radical entering the 
substituted benzene derivative mainly in ortho- and para-positions to any substituent. 
But if decomposition of aryldiazonium borofluorides takes place heterolytically, 
generating an aryl cation, then the latter should be affected by the usual orienting 
nfluence of the substituent in the benzene ring, and, being an electrophilic reagent, it 
has in this case to enter the benzene nucleus primarily in the meta-position tothe meta- 
orienuns Troup 

Decomposition of aryldiazonium borofluorides in a benzene derivative containing 
the following meta-orienting substituents, nitro group, quaternary ammonium nitro- 
gen, carbalkoxy group, trifluoromethyl and acetyl groups, leads mainly to aryl occu- 
meta-o! 


ymmposition of 


influence of the substituents listed above is quite evident. Though, in some cases some 
ortho- and para-isomers were isolated, their amount was substantially less than that 
of meta-isomers. Low yields of benzene nucleus substitution products depend on the 
fact that t nain reaction always proceeds following Schiemann with fluorobenzene 
ne t! large amounts the so-called ““diazoresin “are rrmed 

Yet. on the whole, tl yeneral picture of the decomposition of diazonium boro- 
fluoride seems as convincing as that of diphenyliodonium borofluorides 

When the following ary zonium borofluorides are decomposed in nitrobenzene, 


aryvi occupies the meta-position to the nitro group ne onlty DiIphenvi Cerivalive iso- 


lated Dec g in each case the respective meta-nilts ary (Table ) 


iolet analvsis of fractions containing nitrobiaryls showed the mixture 


90 meta-cerivatives 

Phenyidiazonium borofluoride decomposition in phenyl-trimethylammonium 
borofluoride has revealed (together with the predominance ol products of meta- 
substitution) the formation of a smaller amount of a para-isomer (the reaction 


products were isolated as dimethylaminodip! envls) The ratio of the meta-isomer to 


the para-isomer can be approximately calculated as 3: | 


N. Ne yvanov and L. G. Makarova /J/rrest. Akad. Nauk SSSR, Otdel. khim. nauk 213 (1947 


\ 


j 
7 
In contrast to the cc i” 1iodonium, the majority of diazonium decom- 
position reactions investigated resulted | poo ields of products formed by aryl 
. cations entering the aromat nucleus In the benzene ring the meta-orienting 
| 
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Phenyldiazonium borofluoride being decomposed in methyl, ethyl, n-propyl, 


n-butyl, benzoates, phenyl occupies the meta-position to the carbalkoxy group. 

rhe reaction of phenyldiazonium borofluoride with ethyl, n-propyl, n-butyl 
benzoates leads after saponification to meta-diphenylcarboxylic acid 

Decomposition in methyl benzoate, besides phenyl occupying predominantly the 
meta-position, resulted also in some para-isomer formation. Phenyldiazonium 
borofluoride decomposition in the ethyl, n-propyl, n-butyl benzoates brought about, 
in addition, re-esterification and, just as in the case of diphenyliodonium, phenyl 
benzoate was formed, probably due to phenyl cation affecting the carbethoxy- 
group 

The phenyl cation from phenyldiazonium borofluoride also occupied the meta- 
position to the trifluoromethyl-group of benzotr ifluoride. The only diphenylcarboxy- 
lic acid isolated after hydrolysis was the meta-acid 

Decomposition of phenyldiazonium borofluoride in acetophenone resulted in 
phenyl occupying essentially the meta-position to the acetyl group, a para substitution 
product being also formed, though to a lesser extent 

We have isolated meta- and para-phenylacetophenones as such, and part of the 
meta- and para-phenylacetophenone mixture was subjected to the 1odoformic reaction. 
The resulting mixture of meta- and para-diphenylcarboxylic acids was separated 
owing to the difference in solubilities of their sodium salts, the resulting acids being 
identified. By this procedure ave a termined the predominance of meta- 
isomer formation. Thus, ev h a relatively weak meta-orientant, the acetyl 
group, the phenyl from the phenyldiazor 1 borofl ide occupied mainly the meta- 
position showing in this case also a diffe hav r from the phenyl det ved from 
the homolytically decomposing 
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sulphonates did not give products resulting from phenyl entering the benzene ring of 


these esters. The phenyl attack was directed to the sulphalkoxy group and the only 
reaction product in both cases was phenyl benzenesulphonate in good yield 
Decomposition of phenyldiazonium borofluoride in nitrile medium leads to the 
addition of phenyl to nitrogen '! Hydrolysis of nitrilium borofluorides not isolated 
by us results in anilides of corresponding acids, the yield of benzanilide, starting for 
example from benzonitrile, being up to 40 Similarly starting from benzyicyanide. 
phenylacetanilide was obtained. A similar reaction was carried out with ortho- and 
para-toluo-, propio-, al acrvionitriles 
The production of anilides | he reaction of diazo-compounds with nitriles ts 
n. Hanby a at hen decomposing phenyldiazonium chloride in 
observed the mation a mixture consisting of benzene, acetophenone 
acetanilide ‘re the phenyl radical attacks alternatively the carbon or the 
of the nitt i ve a-attached hydrogen. In our case the phenyl 
attack took place on the n wen atom 


obtained by us in decomposing aryldiazonium 


nentioned that this excludes any specific 

role of boror 
lo prove the he nechanism of phenyldiazonium borofluoride decompo- 
sition, a reaction Ww ounds involving a double carbon-carbon bond was carried 
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ild form different 
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TABLE 9 


-C,H.N.BF, > CH,CH—C(C,H,)\COOC,H 
ArN.Cl CH,CH--CHCOOR > Ar(CH,)\CH—CHCICOOR 
Koelsch, Boekelheide (1944) 


C.H.N.BF, CH,—-CHCO,CH > CH,—C(C,H,)CO.CH CH,-—-CHCO,C,H 
ArN,Cl CH,-——-CHCO,R > ArCH,—CH(CI)\COOR 
Koelsch (1943) 


r-C.H.N.BF,  CH,--C(CH,)CO,CH > CH,—C(CH,C,H,)COOCH 


HO 
[CH,—C(CH,)COOC,H,] CH 


ArN, Cl CH,—C(CH,)\COOR > ArCH-—-C(CH,)COOR 
| Krishnamurti, Mathur (1951) oO 


Table 3 records the comparative data of the synthesis of organo-metallic ( ind 
organo-element) compounds through double diazonium salts and the homolytic 
synthesis of the same compounds obtained from diazonium chloride and a metal 
In cases where the double salt procedure with the same metal results in a poor vield 
(as, for example, in the synthesis of organo-lead and tin compounds) and the direct 
action of diazonium halide on a metal also gives little or no result, diazonium 
borofluorides give good results 

rhus, as has been shown, it is possible 


to obtain a 40 yield of organo-tin com- 
pounds'’ (reaction N 12), up to 30 of organo-lead compounds'* (reaction N 10) 


0 


as well as organo-thallium compounds (reaction N 11). formerly not available 


through diazo-compounds 

rhe table suggests two parallels. First, a parallel between the direct attack of the 
decomposing diazonium halides on the free metal in Waters 9,12 and McClure"! 
reactions and our reactions of organo-metallic syntheses through double diazonium 
salts it is concluded that in hoth cases homolytic reactions ol identical mechanism 
are involved. Secondly, there is a parallel between diazonium borofiuoride syntheses 


and all our syntheses through onium borofluoride compounds mentioned above 


rhis analogy seems in both cases to demand a heterolytic mechanism 

One can. however. hardly imagine a heterolytic mechanism oO! s nthesis of an 
organo-metallic compound by diazonium borofluoride acting on a free metal. If it 
were homolytic. why should diazonium borofluoride prove successful in Cases where 
its chloride failed? It is impossible at present to come to any conclusions. The 
following correlations can be of some help in elucidating this point 

lodonium and diazonium borofluorides behave essentially in a similar way. But 
there is a difference in their behaviour in reactions where both borofluorides are 
acted on by a base, as, for example, by pyridine 


It has already been mentioned above that iodonium borofluoride as a result of an 


. 4. N. Nesmeyanov and L. G. Makarova Doklady Akad. Nauk SSSR 87, 421 (1952 
18 A. N. Nesmevyanov and L. G. Makarova / t. A 1 Nauk SSSR. Otde him. nauk 380 (1954) 
19 AN. Nesmevanov and L. G. Makarova Doklady Akad. Nauk SSSR 87, 417 (1952) 
W. A. Waters J. Chem. S 1937. 113: 2007, 1938, 1077 1939, 864 F. B. Makin and W. A 


Waters J. Chem. Soc., 1938, 843 
R. E. McClure and A. Lowy J. Amer. Chem. 5 §3, 319 (1931) 


70. A. Reuto Tetrahedron 1, 67 (1957) 
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obviously heterolytic decomposition up to 90°,, forms with pyridine N-phenyl- 


pyridinium borofluoride. On the other hand, phenyldiazonium borofluoride behaves 
with pyridine like phenyldiazonium or diphenyliodonium chloride forming a mixture 
of a- and y+-phenylpyridines 

For obvious reasons we are dealing with a homolytic reaction. Pyridine like the 
hydroxyl ion appears first to convert the diazonium cation into a diazo-compound, 


which is then homolytically decomposed. Since this conversion, like that of diazonium 


hydroxide into diazo-hydrate, is impossible for the diphenyliodonium cation, diphenyl- 
iodonium borofluoride in all cases decomposes heterolytically 

For this reason, in contrast to diphenyliodonium chloride, it does not give with 
metallic mercury any organo-mercuric compound. In the Dunker reaction,** phenyl- 
diazonium borofluoride forms phenylmercury chloride similar to the formation of the 


latter from phenyldiazonium chloride and mercury in the McClure reaction.* hus 
we are led to assume that free metal acts on the diazonium cation as electron-releasing 
reagent, similar to a base, causing it to decompose homolytically with a previous 


conversion into a diazo-lorm 


This assumption is supported by the decomposition of aryldiazonium boro- 
fluoride in nitrobenzene in the presence of large amounts of powdered copper, the 
process without copper resulting, as already stated above, in an almost pure meta- 
nitrobiaryl. Copper induces the process to run along the homolytic mechanism, 
as seen by exclusive formation of ortho- and para-nitrobiaryl. A similat difference 
is to be observed in the results of decomposition of phenyldiazonium borofluoride 
in ethyl benzoate in the presence or absence of powdered copper. In the latter case 


the decomposition seems to run heterolytically, as it leads to re-esterification, yielding 
phenyl benzoate, and to formation of metaphenyl benzoate. With copper, due to 
homolysis, the phenyl radical attacks the aromatic nucleus, yielding ethyl paraphenyl- 
benzoate as the main reaction product 

As a new result of heterolysis of aryldiazonium borofluoride, one may mention the 
transfer of the phenyl cation to the free electron pair of bromine, chlorine, and 
oxygen in bromobenzene, chlorobenzene, and diphenyloxide respectively, to yield 


previously unknown cations of diphenylbromonium,™ diphenylchloronium,~” and 


triphenyloxonium “6 Gradually introducing phenyldiazonium borofluoride into an 
excess of halogen benzene at 60° and mixing until the diazo-compound ts completely 
decomposed, one obtains in a 0°55", of theory yield diphenyl halogenonium boro- 
fluoride which is extracted by water. From the water extract it is precipitated with 
chloroplatinic acid or with sodium tetraphenylborate and in the case of diphenyl- 
bromonium cation with an iodine ion as well. The reaction being carried out in the 
same way, by introducing the acetone solution of phenyldiazonium borofluoride into 
the halogenbenzene at about 80°, it is possible to raise the yield up to 6", of theory 

Diphenylbromonium compounds are typical salts with a colourless cation, more 
soluble than the corresponding diphenyliodonium salts. Chloride, bromide, nitrate, 


nitrite, sulphate, acetate, borofluoride, and a number of others are soluble in water. 


M. F. B. Dunker, I Jenkins J. Amer. Chem. Soc. 58, 2308 (1936); M. F. B 
Dunker and E. B. Starkey J. Amer. Chem. S 61, 3005 (1939) 

24 A. N. Nesmevanov. T. P. To i and L. S. Isaeva Dot i fkad. Nauk SSSR 104, 872 (1955) 
4. N. Nesmevanov and T. P. 1 staya Doklad tkhad. Nawk SSSR 105, 94 (1955) 


* A. N. Nesmeyanov, N. V. Kruglova, R. B. Materikova, and T. P. T. Tolstaya Zhur. Obshehei Khim 
26, 2211 (1956) 
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Heterolyiic decomposition of onium compounds 


TaBLe 10 


F. (dec.) 
N, 120-121 


(C,H,),BrBr 82-83 
(C,H,),Brl 81-82 
(C,H.).BrHgl 108-109 
(C,H,),Br},PeCl, 
(C,H.).BrB(C,H;), 
(p-CH,C,H,)(C,H,)BrBF, 
(p-CH,C,H,)(C,H,)Brl 
(p-CH,C,H,)(C,H,)BrHgl 
(o-CH.C,H,)(C,.H.)BrBF 
(o-CH,C,H,)(C,H,)Brl 
(o-CH,C,H,)(C,H,)BrHel 
,4-(CH.,).C, HN. BF 
CoH, Br 


p-CIC,.H,N. BF, (p-CIC,H,)(C,H,)BrHgl 


C,H.Br 


»-C,H,OOCC,H,N.BF 


H.N.BF, (3-C,,H.)(C,H,)Bri 
C.H.Br 


lodide, chloroplatinate, and tetraphenylborate are sparingly soluble The two latter 
salts are stable at room temperature. The chloroplatinate decomposes at 159-5 and 
tetraphenylborate at 164—165 lodide is not stable, decomposing in | 2 days into a 
mixture of bromo- and iodobenzene. It decomposes at 81 82°. Diphenylchloronium 
salts are considerably less stable. The action of an iodine ion on borofluoride solution 
leads to the formation of diphenylchloronium iodide, which decomposes at 56-57 
Chloroplatinate decomposes at 142-5—143°, tetraphenylborate at 160 161 

In the Tables 10 and 11, are listed all diarylbromonium and diarylchloronium 
salts which we have obtained and are at present investigating 

lhus, by introducing the acetone solution of diazonium borofluoride, into dipheny! 
oxide at 80-90°. after half an hour’s heating at the same temperature triphenyl- 
oxonium borofluoride is obtained from the water extract, after removing acetone and 


cooling. It is an extremely stable compound, decomposing at 226°. 


155 
‘ C,H.N.BF, 
| 137-138 
| 
| 127 
| | 
| 
ia: 


A. N. Nesmeyvanov, L. G. Makarova, and T. P. Toistaya 


F. (dec.) 
(C,H,),CIBF, 109-5-110 


56-57 
161 
-CH,C,H,N.BF 
(C,H, )CiHg! 
2,4-(CH,).C,H 
Perc 


155-157 
iazonium borofluoride into 
other hand, the 
cs a small amount 
ol diazopheny! acetate in 
lalogenonium salts Thus 
romonium consists in the heterolytic transfer 


halogen 


2 

156 

C,H.N,BF 
6 | > 

38 

21-12 

Cc iz are ed sor nrecentat 

226 

82-182 

1/8 

120-1 
~ 165 

184-185 . 

177-178 darkened 

C 
decompo 

Vl Cc posilio of 
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Finally, it may be rec: illed that the first to discover bromonium and chloronium 
salts were Sandin and Hey,”” who in 1952 described the reaction leading to the 
formation of cyclic 0,0 ‘-diphenylene halogenonium in aqueous solution, a reaction 
similar to the reaction of Mascarelli,28 which had enabled him to produce diphenylene 

Up to the present we have studied to some extent only the reactions of diphenyl- 
chloronium and diphenylbromonium salts. These compounds, less stable than 
iodonium salts, especially as far as diphenylchloronium salts are concerned, behave, 
on the whole, very similarly to diphenyliodonium salts. Their borofluorides in any 
medium, and their iodides in aqueous medium phenylate amines, converting for 
example, diethylamine into diethylaniline, pyridine into N- phenyl-pyridinium boro- 
fluoride. Sodium nitrite is phenylated into nitrobenzene, potassium cyanide into 
benzonitrile, etc. Diphenylbromonium and diphenylchloronium borofluorides do not 
react with metallic mercury. On the other hand, the iodides of these cations form with 
metallic mercury in alcoholic-medium phenylmercuryiodide, this time due to a 
homolytic reaction. It is difficult to explain the homolytic reaction otherwise than due 
to the formation of a covalent form of diphenylhalogenonium iodide, the bromine or 
chlorine octette being thus extended to a decette. 

Thus, new halogenonium salts, just as iodonium ones, enable one to arylate 
arbitrarily according to either heterolytic or homolytic mechanism, these reactions 


taking place in milder conditions, than nea of iodonium salts. If it were possible to 


find conditions for producing diarylchloronium and diarylbromonium salts in a 


higher yield, these salts would undoubtedly serve as excellent arylating reagents 


R. B. Sandin and A. S. Hey J. Amer. Chem. Soc. 74, 274 (1952) 
* Z. Mascarel dtti Acad. Lit (5) 16, 11, 582 (1907) 
2° G. O. Doak and D. Freedmat j Chen 73. S658 (1957) 74, 830 
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are clear from the comparison of their dipole moments’ (i.c. the vector sums of two 
a > 


dipole moments of Hge—Cl and C—Cl bonds, the larger one being 2-76D for the 


: cis configuration and the smaller 1-64D for the 


with ahigh melting- 
bromide. has also 


at our request by 


the Werner's 


ities Of the con pounds 


H Cl 


The configurations of the two mercury dichloroviny! derivatives follow from Werner’s 


Hg 


m.p. 145 
Ci Ci 


Hg Hg 


as well as from the Raman spectra of the trans-isomer. This assignment of the 
configurations is definitely proved by partial chlorination of both compounds® 


(in CCI, solution). Thereby 


(CICH—CH),Hg + Cl, » CICH—=CHHgCl + CICH—CHCI 


* A. N. Nesmevanov, R. Kh. Freidlina, and A. E. Borisov /J/rrest. Akad. Nauk. SSSR, Otdel. khim. 
Nawk 137 (1945) 
A. 1. Kitaigorodsky /J/rvest. Akad. Nawk SSSR, Otdel. khim. Nauk 170 (1945); 259 (1947) 

* A. N. Nesmevanov, A. E. Borisov, and A. |. Guskova Jzrrest. Akad. Nauk SSSR, Otdel. khim. Nauk 
639 (1945) 
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In the organo-metallic compound obtained, the ethylenic carbon atoms remain 
unaffected by the reaction, the chloroviny] groups thereby retaining their configura- 


tion. This reaction is therefore suitable for establishing the stereochemical similarity 


between dichlorvinyl and monochlorovinyl organo-mercuric compounds a 
result of this reaction, the solid mercury di-f-chloroviny! forms. pure high-melting 
trans-()-chlorovinylmercury chloride almost quantitatively, and the liquid di- 


chlorovinylmercury yields, also quantitatively, pure cis-$-chlorovinylmerc 


[he pronounced difference in the solubilities of the latter and { 


ride rme 
In petroleum would have revealed the presence of any isomeric 


Ihe assignment of the configurations independently of antimony 


pounds obtained from acetylene 


y exchange-reactions of mercury chloride. the solid 


has been based on the following considerations: 


In the readily proceedin 
(m.p. 48-49") trichlorovinylstibine immediately forms pure trans 


the liquid trichlorovinylstibine vields cis- 


)-c hloroy inyl- 


mercury chloride and, correspondingly 


(I1)-chlorovinyln vy chloride without any stereoisomer admixture 


HeCl 


1 (CICH-—CH).SbC m.p > (CICH--CH).Sb (m.p. 48-49°) > CICH—CHHg¢gCl 
(m.p. 124°) 


HgCl 
(CICH=CH).SbC > (CICH—CH).Sb (liquid) > CICH—CHH¢gCl 


il 
(m.p. 79°) 


It therefore follows that the initial antimony compound could not e two 
cases (1, Il) have been of a mixed form (cis-cis-trans or cis-trans-trans) 
> as trans-trans-trans compound 


analysis, made by Kitaigorodsky and 


The configuration of the solid trichlorovinylstibine 
follows from the tailed X-ray pattern 


hlorovinyldichlorostibine, which, on reduction of an antimony 


Struchkoyv, on tri-$-ch 
atom, yields solid trichlorvinylstibine. The config. 


not seem to be thereby affected 


According to Raman spectra analysis carried out by M. I. Batuyev at our request, 


iration of chloroviny!] groups does 


only the liquid stereoisomer of trichlorovinylstibine displays in the Raman spectra 


two intensive bands in the 400-600~' cm range, which distinguishes the cis compounds 


of the RCH=-CHR_’ type from their frans-isomers (frequencies, 425 cm~! (intensity, 
10) and 581 cm™! (intensity, 7) Analysis of cis-cis-dichlorvinylmercury revealed 
frequencies of 420 cm“ (intensity, 10) and 591 
trichlorovinylstibine with m.p. 48-49" revealed no bands in this range. These criteria 


into the 


cm~! (intensity, 8). The spectra of 


do not hold for trans-di-/-chlorovinylmercury, as irradiation converts it 


cis form. 
As far as the two di-/-chlorovinyldichlorostannanes are concerned, they are 


pure forms and not cis-trans modifications, each of them yielding with mercuric 


chloride only one stereoisomer of chlorovinylmercury chloride 

The constants of the stereoisomeric dichloroethylenes are well known—(trans 
compound: b.p. 483°, 1-2650, 1-2489, nj; 1-4466: cis isomer: 
b.p. 59-8°, dj? 1-2896, nj}; = 1-44992). 

Chlorination of trans-chlorovinylmercury chloride immediately led to pure 
trans-dichloroethylene (m.p. 47-5°/741 mm, 1-2574, nj; 1-4468). 

Chorination of the mercuric cis-isomer also gave pure cis-dichloroethylene 


11 


‘= 
ury chio- 
chlorides 
dmixture 
nyl com- 


Borisov 
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(b.p. 58-59", d; 1-2819, m7); 1-4493, nj,’ — 1-4475), rectification being carried 
out on a column with 20 theoretical plate efficiency. Thus, apart from (CICH=-CH), 
PbX,(X—Chlorine, CH,COO), (CICH=-CH),TICI compounds and both isomers 
(CICH=CH),SnCl,, configurations of all compounds listed in the table leave no 
room for doubt 

The following argument proves that of lead, thallium, and crystalline tin chloro- 


liquid-tin and lium chlorovinv! compounds obtained from cis-dichloro- 


cis forms. Starting from trans-chlorovinylmercury chloride, it 1s 


vinylmercu! re 
possible to effect cyclic reactions, involving 2, 3, or 4 cycles and always reverting to the 
same parent frans-/)-cl lorovinvimercury chloride (5, 6), (5.11.4), (5, 16, 9), (S, 15, 10). 
(5. 11. 14. 10), (5, 16, 20, 10) [he di-f-chlorovinyldichlorostannane produced in 


numerous conversions by different routes v th a different number of steps (reactions 


N 15. 14. 20) is also always the same, melting at 5—78 It is inconceivable that 
in all these different cycles, conversions of the trans configuration ol the chlorovinyl 
radical into cis configuration would proceed just the necessary number of times for 
) regain its original form. We have named this method as one of odd and even 
eveles. Starting from cis-chlorovinylmercury chloride, the reactions N 27 and N 33 


result in liquid di chlorovinyidichlorostannane, which is again converted N 30 


into cis-chlorovinvimercury chloride, under the action of mercuric chloride 
Thus, the group ol compounds obtained by conversions of tri-frans-/-chloro- 
vinvistibine and trans-$-chlorovinylmercury chloride, on the one hand, and that 


of compounds obdtainec 


1 from the cis-isomers of these compounds on the other, 
are independent groups interconnected only by means of conversion of di-frans-/- 
to the cis-isomer under the effect of irradiation and a similar 


conversion of trans-dichlorovinylstannane into the cis-isomer (omitted in the Table) 
We have found”® also that trans-chlorovinylmercury chloride is converted into its 


cis-isomer—poorer in energy'®—when the solution is heated with benzoyl, acetyl, 


or with sodium peroxides 


Thus, all exchange reactions listed in the table proceed with strict retention of 


the configuration ol t i¢ chloroy nvl group when transferred from one atom to another 
It follows therefore. that electrophilic and homolytic substitutions at the olefinic 


conhguravion 


rs in a paper in 1948." has been further 


oducts of mercury acetate in reaction 


with dimet! 


lwo of them are stereoisomeric, as shown for instance by ozonolysis (only acetic 


d regeneration of dimethylacetylene by the action of potassium 


acid being formed) a! 


somers (presumably) trans-2 acetoxy-3-chloromercury-butene-2, 


iodide. One of the | 


m.p. 140°, is converted by ammonia into a symmetrical compound of the R,Hg 


tvpe. m.p. 113-—114°, the latter being converted by the action of thallium trichloride 
| 


into an organic substance of the R,TICI type. ! ich of these conversions can be 
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I 4. Si ) und I. V. Smirnov-Zamkov Dop di Akad. Nauk Ukr.SSR 87-92 (1951) 
Borisov. V. D. Vilchevskaya, and A. N. Nesmeyanov, Doklady Akad. Nauk SSSR, 90, 383 (1953); 
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TABLE 2 


CH,—C=C—CH,+Hg(OCOCH,), — 


U 


HgO-CCH 


effected in the reverse direction by reacting in the latter case with metallic mercury, 
and in the former with antimony All reactions described are of a stereospecific 
type producing only one stereoisomer In the same way cis-2-acetoxy-3-chloro- 
mercury-butene-2, m.p. 95°, appeared to undergo a symmetrical change to give the 
corresponding compound of the R,Hg type, m.p. 101-102", which by the action of 
thallium trichloride gives the stereoisomeride of the organo-thallium compound 
mentioned above. These reactions and the reverse ones take place similarly and are 
of a stereospecific type. 

Both series of conversions are separated from each other and do not overlap. 
To this series of reactions the procedure of odd and even cycles cannot be applied. 
It is therefore to be assumed that either the configurations in all reactions are retained 
or that they are inverted in all instances. The latter is extremely unlikely, as the 
reaction RHgX — R,Hg has in a number of instances been shown to proceed 
with the retention of the configuration The possibility of inversion is to 
be discarded, as the mercury compounds shown in the left-hand column, obtained 


from trans-acetoxy-2-chloromercury-3-butene-2 exhibit a double-bond frequency 
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in the infra-red spectrum invariably higher than that of the corresponding stereoisomer. 


( Trans-acetoxy-2-chloromercury-3-butene-2, m.p. 140 1667  cis-acetoxy-2- 
chloromercury-3-butene-2, m.p. 95°/1655 cm trans-di-(1-methyl-2-acetoxy-1- 


propene-!-il) mercury, ! 


114 1621 cm™'!: cis-isomer, m.p. 101—102°/1616 


of their higher melting-points, leads us to conclude that 


This fact, as well as that of 
the left column undoubtedly 


each column represents one stereochemical series, 
iting the trans configuration 


The following sec wce of reactions, shown in Table 
3 


HgClo 


hthumstilbene 


a. 
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CHO.Br 
H CH, K] Hs | 
C=C C He > C=C g 
4 represents exchal re reactions of stereoisomeric | onobromostilbenes carried out by 
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mixture) and the organo-lithium compound produced must at once be subjected 
to other reactions: otherwise, cis-lithiumstilbene results in compounds of the trans 
series. Experiments have shown that isomerisation does not take place during 
the reaction of substitution of bromine by lithium, but that it is the organo-lithium 
compound which is isomerised after formation. Cis-mercury-bis-stilbene can undergo 
isomerisation into a trans compound after prolonged heating (140°) or being 
irradiated with ultra-violet rays 

In other respects the compounds obtained from cis-stilbene are not similar to 
those derived from trans-bromostilbene. The succession of even and odd cycles 
proves in this case also the retention of the configuration in each step of the reaction. 

Exchange reactions are represented in Table 4, starting from cis- and trans- 


|-bromo-propene-|, and were carried out and studied by us and N. V. Novikova.” 
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NOTES 


Dehydrobrucinolone, isobrucinolone, and isostrychinolones-I and -If 
(Received 28 December 1956) 


with permanganate in acetone and 
O,N. or Cy,H,,O,N,. Later, this 


ide containing sodium acetate 
»brucinolone or of an unknown brucinolone 

hanolic ammonia to give a compound C,,H.»O;N, 

iw to repeat this work we obt only brucinolone-C acetate on heating brucinolone- 


directed Howeve yhnen DI inolone-C acetate was heated with one 


in acetic anhydride, yield an acetate C,,H,.O,N, was 
its analysis ar node « rmation mu > dehydrobrucinolone acetate 
Similarly rucinolone-B or -¢ ate 1 benzoyl peroxide ace gave dehydrobruct- 


nolone, as 1g closely in properties with Leuchs’ ammonolysis product 


The ultra-violet absorption curves of dehydrobrucinolone ind its acetate were identical (/ 237 


311. 3501 log j 9 respectively) hese resemble the absorption curve for 


dehydrostrychninol f 40m; log 3-9) he additional peak at 311 my is to be 
ascribed to the effect ethoxy! groups.’ Del ydrobrucinolone must consequently possess the 
N-phenyl-x-pyridone structure like dehydrostrychninolone 

isoBrucinolone! has the same ultra-violet absorption as brucine and so must be a /7-unsaturated 
amide,® confirming some rather tentative evidence from oxidation experiments.‘ 

isoBrucinolone must, consequently, be epimeric with brucinolone-B at ¢ The shift in mole- 
cular rotation (A) attendant on the inversion at th sntre 1s approximately the same as that in 
going fron strvchninolones-B and -C to the isostrychninolones-I and -II’ as shown below Hence, 


the two latter compounds probably have the /’- al }-unsaturated amide structures respectively. 
MOLECULAR ROTATIONS 


Brucinolone-B 7° isoBrucinolone 129-9 


Strychninolone-B 3} isoStrychninolone-l! 148-1 
Strychninolone- isoStrychninolone-ll 504-7 


EXPERIMENTAI 


Brucinolone-C. The following method was found to be considerably more convenient than that 
published Crude brucinolone-B (4-0 g) in pyridine (40 c.c.) and 2:5 sodium hydroxide solution 
(160 c.c.) was heated on the steam-bath for 90 min. The acidified solution was extracted with chloro- 
form (5 10 c.c.), and the dried chloroform-extract passed through a short column of alumina 
The residue crystallised from methanol in needles (1:1 g), m.p. 180 184°, raised to 185-186 by a 
second crystallisation from methanol, [~]}}. 147° (c. 0-184 in acetic acid) 

Dehydrobrucinolone. Brucinolone-C (0-40 g) and benzoyl peroxide (0 25 g) in glacial acetic acid 
(5 c.c.) were heated on the steam-bath for 30 min. The solution, on dilution with water, gave brown 


needles of dehydrobrucinolone (0-1 g), m.p 299-301°. Recrystallisation from ethanol (charcoal) 


Leuchs and Brewster Ber. 45, 201 (1912) 

Leuchs and Pierce ibid. p. 2653; Leuchs, Hellriegel, and Heering Ber. 54, 2177 (1921) 
' Prelog, Kocor, and Taylor He Chem. Acta 32, 1052 (1949) 

Prelog and Sz pilfogel ibid. 28, 1669 (1946) 
> Prelog, Szpilfogel, and Battegay ibid. 30, 366 (1947) 
} Leuchs. Gladkorn, and Hellriegel Ber. 56, 2472 (1923) 
7 Leuchs and Ritter Ber. 52, 1583 (1919). 

169 


‘ : 
Tetrahedror S87, Vol. 1, pp. 169-171. London 
= 
sma ( 
substance was 7 
It was 
The cel 
or ¢ H..O.N 
In attempt 
dee 
value 
295-4 
4 4 
i 


sintering at 29% m.p 307-310 (dec.). [a} IRR ic. 


Notes 


14 
‘4 


C, 58-7, 58-9: H, 5-9, 6-0. Calc. for C,,H.,.O,N,, 2-5 H,O 
ed at 130 /15 mn 65-9: H, 5-2: N. 7-4. Calc. f CH 


Note on the transmission of free radical character through a conjugated system 
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accept electrons if the B configuration ts incomplete 


dical reagents attack the p position of monosubstituted benzenes 


substituent, is clearly due to the two circumstances (1) that conjugated 


aromatic systems are always activated in the p (or o) position, which either acquires unshared electron 
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value or becomes conf tally defective in electrons and (b) that free radicals can either accept 


nate electrons 


It shou sat when two identical atoms or free radicals unite, R« and R~ giving R_R, 


the question of electron donor or acceptor becomes meaningless. However, when A. joins with 


B- to A’B, there may be a recognisable distinction 


Free radi rdance with these proclivities, but this interesting 
t may. however, be noted that a classification 


side-issue neec 
on experimental obser 


proneness ol a serie ick systems with unshared elect 
defective in electron configura turning he case of nitrosobenzene 
that the p-carbon atom has free dance with the above 


and “onoid” systems are now 


This type of “push-pull ible displacement originates in the peculiar nit { ut it will 
the 


is theoretically asible beyond the p-posit nm, a 1OWT 


be apparent that conjugated rela 


svmbol 


Here C-x corresponds to the p-position in nitrosobenzene and its character is relayed to C-) 
There are many applications of these views which will later be considered in more detail. An 
interesting example is pyridine- N-oxide 


The simultaneous occurrence of the two types of displacement shown gives free-radical character 


to C-4 
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On the biogenetic grounds generally accepted as applicable to the indole alkaloids, we developed 
the structure of akuammicine to (1) 


» the f-series of indole alkaloids ; he position of the -CO, Me is the same as 
nit lite independently 
It was already known that ak nmine thyl 
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Tabersonine® is probably a third member of this small group of alkaloids 
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THE STRUCTURE OF DENDROLASIN 


PAVAN 


A. Quitico, F. Piozzi, and M 
Istituto di Chimica Generale del Politecnico, Centro di Chimica Industriale 
del C.N.R. Milano, Italia 


March 1957) 


(Received 7 


Abstract—The chemical and i.r. spectrographic study of dendrolasin, the odorous substance C,,;H,,O 
isolated from the ant Lasius ( Dendrolasius) fuliginosus Latr., indicates that it possesses a /-substituted 
furan structure containing a sesquiterpenoid skeleton formed by head to tail union of three isoprene 
units. Dendrolasin is, most probably, (4:8-dimethylnona-3:7-dienyl) furan (1). Catalytic hydro- 


pending on the conditions, a tetrahydroderivative 


genation affords, det which is still a furan, and an 


octahvdroderivative which is a tetrahydrofuran Permanganate oxidation of dendrolasin yields 
two products, levulinic aldehyde is also 


acetone and succinic acid; on ozonolysis, besides these tv 


formed. 


THE odorous substance which we isolated from the ant Lasius (Dendrolasius) 


fuliginosus Latr. was designated as dendrolasin 
paper,’ this product is contained in the mandibular glands secretion of the insect. 
It can be isolated in a fairly pure state by fractionation under reduced pressure of the 


As previously described in a short 


oil obtained by steam distillation of a light petroleum extract of the ant, from which 
the solvent had been previously removed. 8-10 kg of insect yield 60-70 ml of oil 


containing about 75 per cent of dendrolasin 

Dendrolasin, C,;H..O, is a colourless oil with a lemon-grass odour, b.p. 148 
150°/16 mm, mj, 1-486, d;" 00-9108. It is optically inactive, exhibits a neutral character 
and is not dissolved by dilute alkalis or acids. It polymerises on long keeping into a 
Strong mineral acids, particularly nitric and sulphuric acids, transform 


viscous oil 
It is readily attacked by bromine in the presence 


dendrolasin into resinous products 
of water giving a nearly colourless resin 

Dendrolasin is indifferent towards hydrazine hydrate, p-nitrophenylhydrazine, 

semicarbazide hydrochloride and phenyl isocyanate. It does not condense with 
maleic anhvdride in hot toluene solution. With mercuric chloride or acetate it affords 
white solid compounds which could not be isolated in the pure state 

Dendrolasin gives the following characteristic reactions 

(a) Its solution in glacial acetic acid becomes orange-red colour when treated with 
a drop of conc. sulphuric acid. 

(b) Acetic anhydride dissolves dendrolasin giving a dirty violet solution which 
turns rapidly black 

(c) A pine shaving, moistened with conc. HCI, acquires a dirty blue-green colour 
in contact with dendrolasin. 

(d) With vanillin in HCl-ethanol solution at room temperature, it gives a fine 
fuchsia-red colour, which becomes very intense on heating, and turns finally 
to olive brown. A similar reaction is shown on heating with Ehrlich’s reagent. 

The inactivity of dendrolasin towards reagents for the carbonyl group and to 

phenyl isocyanate, indicates that it is not an aldehyde, ketone or alcohol. On the 
other hand, the above described colour reactions, its stability towards alkalis and 
sensitivity to acids, and its capacity to give complexes with mercuric salts, pointed to a 
1 A. Quilico, F. Piozzi, and M. Pavan Ric. Sci. 26, 177 (1956); M. Pavan Ibid. 26, 144 (1956). 
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furan derivative. Taking into account the empirical formula, two double bonds 


should be present in side chains 
The i.r. spectrum (Fig. 1, No. 1) of dendrolasin strongly supports this hypothesis. 


No band which could be attributed to a CO or OH group is present, whereas many 
bands, most of them very intense, can be assigned to a furanoid system. Such are the 


Fic. r. Spectra 


Dendrolasin sid 0-025 mm + n Heptylitetrahydrofuran; liquid 0-025 mm 
Tetra lroden d i liquid 0-026 mm S. J-i-Butyltetrahydrofuran; liquid 0-024 mn 
Perhvdrodendrolasin ; liquid 0-022 mm 
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bands at 1565; 1504; 1164; 1065; 1028; 874 and 779cm™!.* The two bands at 
1679 and 834 cm~ are probably due to aliphatic double bonds of the type —CH=C- 

Scanty information on the structure of dendrolasin is obtained from its w.v. 
spectrum in ethanol solution (Fig. 2a). It shows a practically continuous absorption 
between 220 and 350 my, with some inflections and no peak. It is generally similar 
to the spectra of some terpenic alcohols such as geraniol and farnesol (Fig. ac), 

Catalytic hydrogenation of dendrolasin at the ordinary pressure and temperature, 
both in acetic acid solution over PtO, and in ethanol in the presence of Raney nickel 
or Pd—C, yields an octahydroderivative; C,;H,;,0. 


16241 


1616 n 


Perhydrodendrolasin thus obtained is an odourless liquid b.p 
|-4478, which does not give the pine shaving reaction and the red colour with vanillin 
Its ir. spectrum (Fig. 1, No 3)+ is characterised by the total disappearance of the 
bands belonging to the furan system and the occurrence, at about 1060 and 910 cm~ 
of two broad bands which can be assigned to the saturated tetrahydrofuran ring 
The presence at 1383 and 1364 cm~! of the isopropyl group bands, associated with the 
absence of those at 1679 and 834 cm belonging to the —CH=C< group, indicates 
that an isopropylidene group (C)}-=C(¢ H,),. is contained in dendrolasin 

If dendrolasin is actually a furan derivative containing two double bonds in side 
chains, we might expect that from its hydrogenation ts suitable conditions, a saturated 
furan C,,H,,O, could be obtained. 

The determination of the appropriate experimental conditions to achieve this result 


has been very laborious, because of the difficulty of arresting the process at the required 


* Most of these bands appear to be shifted from the position they normally occupy in x-substituted 
furans which, in addition to the fundamental member of the series, are practically the or furan derivatives 
of which ir. spectra data are available This fact, in union with the aspect of the u.v. spectrum 
of dendrolasin and some peculiarities in its chemical behaviour led us to th n tion that we were 
dealing with a /-derivative 

Sample prepared in ethanol solution over Raney n ckel. The i.r. spectra of specimens obtained with 
PtO, in acetic acid show weak bands assignable to OH and CH,COO groups indicating that hydrogenolys 5 
of the tetrahydrofuran ring, followed by esterification, has partially occurred 


2 Y. R. Naves and P. Ardizio Helv. Chim. Acta 31, 1240 (1948); F. Bader /bid. 34, 1632 (1951). 
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stage. Eventually we succeeded by the use of a mixture of Pd—C and Pd—BaSO, as 


the catalyst 

Tetrahydro-dendrolasin is a colourless liquid, b.p. 160°/15 mm, mj, 1-4855. Its 
ir. spectrum (Fig. 1, No 2?) is closely similar to that of dendrolasin. The bands at 
1565: 1504: 1163: 1065: 1027: 874 and 778 cm™! are due to the furan ring; the 
bands at 1383 and 1366 cm~', to the isopropyl group. The colour reactions with 
vanillin and the pine shaving test are practically the same as with dendrolasin. 

Important information about the number and the structure of the side chains has 
been supplied by the permanganate oxidation and ozonolysis of dendrolasin. Aqueous 
KMn0O, attacks dendrolasin, slowly in the cold and more rapidly at 100°, giving 
acetone and succinic acid. On ozonolysis in ethyl acetate solution several products 
are formed; among them acetone (in the form of its dimeric peroxide), /erulinic 
aldehyde and succinic acid have been isolated and identified. The formation of 
these substances indicates that the following structural units must be present in 


dendrolasin: 
CH, —C—(C) (C)—C—CH,—_CH,—_C—(C) 


CH CH, 

Taking these typical degradation products into account as well as the ir. spectra 
data and the colour reactions and the very probable presence of a furan nucleus, also 
a general similarity to the terpenoid substances, it appears likely that dendrolasin 
possesses a terpenoid structure This could be formed by the union of three isoprene 
units.** one of them oxygenated and involved in the formation of the furan ring 
Among the different structures which could be assigned to dendrolasin on this basis 
formula (1), derived from the head to tail union of three isoprene units as shown in 
(II), is the most probable 

-CH—C—CH,—CH, 


H CH CH 
Cc 


A §-(4:8-dimethy/inona- dieny!) furan structure such as (1) would account for the 
lack of optical activity of dendrolasin, for its colour reactions,*+ for the formation 
of acetone. levulinic aldehyde and succinic acid on ozonolysis, and would be consistent 
with the ir. and u.v. spectra of this substance 

Attempts to synthesise dendrolasin and its hydroderivatives are in progress Mean- 
while indirect evidence for the structure (1) is provided by the results of 1.r. spectra 
studies of some synthetic models of perhydrodendrolasin (III) 


(CH,), -CH—(CH,), CH (CH,),CH CH,—CH(CH,), 


IV Vv 


* Or seneck 


According t cnstei fa monosudstitul | 


urans give a bluish green colour in the pine 


shaving test, whereas with disubstituted furans the colour ts \ j 


The preparation of th substances and of other {/-substituted tetrahydrofurans will be described in 


a subdDsequecnt paper 


R. Robinson The Structural Relations of Natural Products p. 15. Oxford (1955) 
* Reichstein ef al., Hele. Chim. Acta US, 1110 (1932); Jbid. 16, 28 and 37 (1933) 
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The i.r. spectrum of /-n-heptyltetrahydrofuran (IV) (Fig. 1, No. 4), shows at 
about 1060 and 910 cm™ the characteristic bands due to the hydrogenated furan 
ring which are present in the i.r. spectrum of perhydrodendrolasin. Naturally, in 
spectrum No. 4 the bands of the isopropyl group are absent, whereas the band at 
723 cm™ belongs to the long saturated chain (—CH,—),. In /-isobutyltetrahydro- 
furan (V) i.r. spectrum (Fig. 1, No. 5) the broad band at about 1060 cm~ appears 
resolved into a group of bands; absorption due to the isobutyl group is evident in 
the 1365-1390 cm~ region. 

Further support to formula (1) is given by the occurrence in nature of two /- 
monosubstituted furan derivatives of unequivocal isopentanoid structure, which 
closely resembles dendrolasin both in their physical and chemical properties. Both 
x-clausenane (V1)° and perillene (VII) are formed by head-to-tail linking of two 
isoprene units :* 

HC——C—CH—CH—CH,—C—CH, HC——C—CH,—CH,—CH—C—CH, 


H H H H 
CH, CH, 


Vi Vil 


Particularly striking is the similarity between dendrolasin and perillene; both 
show the same colour reactions and behave in the same way towards catalytic hydro- 
It is interesting to notice that the evident structural relations 


genation and ozonolysis 
existing between citral (or geraniol) and perillene in the Cy) series, would find a 


corresponding relationship in the C,; series between farnesal (or farnesol) and dendro- 


lasin, as shown by the scheme: 
CH, —C—CH—CH,—CH,—C=—CH 
CH, CH, CH 
Oo 


C—CH—CH,—CH,—C—CH—CH,—CH, 


CH, CH, 


farnesal 
CH, —C—CH—CH,—CH, 
CH, 
perillene 
CH,—C—CH—CH,—CH,—C—CH 
CH, CH, 


dendrolasin 


isoprene skeleton are : /)-furoic acid, from the 


* Other furans occurring in nature and containing the 
j-isoamyl furyl ketone, from the essential oil 


roots of Evonimus atropurpureus and Phaseolus multiflorus 

of Perilla frutescens, and «-isovaleroy|-()-methy! furan from the roots of Elshozia cristata 

+ B. S. Rao and K. S. Subramanian Proc. Indian Acad. Sci. 1A, 189 (1934); Jbid. 2A, 574 (1935); Ibid 
3A, (1936). B.S. Rao J. Sci. Ind. Res. India 7, N. 1 B, 11 (1948) (From the essential oil of leaves of 
Clausena willdenovii) 

®* H. Hondo and Yamaguchi 
Chem. Ges. 69, 2459 (1936); H. Suzuki J. Pharm. Soc. Japan 56, 841 (1936); Goto 
(Isolated from the essential oil of Perilla citriodora Mak.). 


J. Pharm. Soc. Japan 39, 263 (1919); H. Kondo and H. Suzuki Ber. Dtsch. 
Ibid. 57, 77 (1937) 
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This would suggest, from a purely formal point of view, a possible derivation of 
furan terpenes and sesquiterpenes from the corresponding acyclic members 
know, dendrolasin represents the first furan derivative ever 
It is worth noticing that structures which can be 
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Catalytic hydrogenation of dendrolasin to perhydrodendrolasin (Ill) 


(a) In acetic acid solution over PtO,. A solution of 3 g of dendrolasin in 100 ml of 
glacial acetic acid was shaken with hydrogen, at ordinary pressure and room tempera- 
ture, in the presence of 30 mg of PtO,. The absorption of H, ceased when 1300 N ml 


had been fixed, amounting to 4-23 mole per mole of substance. After removal of the 


catalyst, the solution was treated with an excess of dilute NaOH, and the oil thus 


separated was extracted with ether. The dried (Na,SO,) ethereal layer, gave after 


removal of the solvent, an oily residue which was fractioned twice at reduced pressure. 
lhe hydrogenated derivative is an odourless liquid, b.p. 155°/15 mm, mp 1-4484, 
which does not give the pine shaving reaction, and only a very faint pink colour on 
heating with HCl-ethanol solution of vanillin. The analysis was in good agreement 
with the required for an octahydroderivative. (Found: C, 79-16 79:20; H, 13-23 
13-19. Calc. for C, 79-57; H, 13°36 per cent) 

The i.r. spectrum of the sample prepared above, indicated the presence of traces of 
hydroxylated and acetylated impurities, evidently formed by reductive cleavage of the 
tetrahydroturan ring 


(b) Jn ethan er Ran nickel l-6¢ of dendrolasu lissolved in 100 ml of 


ethanol, were hydrogenated at room temperature in the presence « 5 ¢ of W. Raney 
nickel.’ After 3-4 hr 657 N ml of H, were absor ‘ f dendrola- 
sin). Distillation of tl lvent after re | of th lyst gave ; juid residue 
which distilled in vacuo yielded an oil n 
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ord 
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dendrolasin shaken in ethanolic solution (100 ml) with 0-2 ¢ of the catalyst absorbed 


260 N mil of H, (2-1 mole per mole of the substance). and gave a tetrahydroderivative 


with 1-4595 


Oxidation of dendrolasin with pot wn permanganal 
To a suspension of | g jendrolasin in 200 mi of wat ned in a flask 
bath 


15 mi of 2 per cent K MnO, solution 


equipped with a droppu 
were added drop Ww Isc 

act wi cd ind tfc st mi OF Gdistiiiate were 
collected int VCIiow 


re 
needles were 


obtained when mixed with ar 


authentic 
The aqui 
unchanged isin ntrated to smal ume on the water 


remove thc } 
bath acid hed Removal of the 


iwnhit re niaining a 
uted with dilute H,SO, and 


the Oxalic acid , new 


extraction with ether to 


solvent gave j / which was dissolved 


an amount 


extraction with ether vicelded rvstallu \ stallised trom water! 
melted at 184° and wi lentical with succinic a The identity has been 


confirmed by a mixed melting point test, and from the crystalline form of the subh- 


mated acid 


Ozonolysis of dendrolasin 

0-5 ¢ of dendrolasin dissolved in 30 mi of pure ethyl acetate were submitted for 
10 hr to a slow stream of ozonised oxygen. After remaining overnight the solvent was 
removed in vacuo at room temperature, and the resulting syrup refluxed for 2 hi with 
$0 ml of water. The solution was then distilled, and the first 4-5 ml of liquid were 
collected. On standing, white, square, tabular crystals were formed, which detonated 
when suddenly heated, and melted at 127°-131° (crude). The product is identical 
with cyclo-diacetone peroxide,* a sample of which we prepared by ozonolysis of 
geraniol 

The remaining solution was made slightly alkaline with dilute NaOH, then 
repeatedly extracted with ether. Evaporation of the solvent left a liquid (0-10-15 g) 
endowed with a strong aldehydic odour, which was treated with a boiling solution of 
2:4-dinitrophenylhydrazine in methanol The precipitate, collected and dried, was 
dissolved in hot nitrobenzene. The microcrystalline orange coloured product separa- 
ted on cooling, washed with boiling ethanol to remove the last traces of nitrobenzene, 
melted at 235°. The substance is identical with /evulinic aldehyde bis-2:4-dinitrophenyl- 
hydrazone, and showed no depression at the mixed melting point test with a 
pure synthetic specimen’ (Found: N, 2450. Calc. for N, 24:34 


per cent). 
* The formation of this substance in ozonolysis of products contaming (C)-—-C(¢ H,), groups has 


been reported by several authors 


* H. H. Strain J. Amer. Chem. Soc. 57, 760 (1935) 
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The aqueous alkaline solution was again acidified with sulphuric acid and extracted 


with ether The residue obtained after distiilation of the solvent was dissolved in 


water, the solution evaporated to dryne and the solid product pressed on a porous 


tile to remove oily uritics Recrys 


tlallisation trom water gave V acid m.p 


Is which was identical with succinic acid 


We thank Dr. I 
F. Canal of 


“| 
cdeements Mantica for mus assistance in the interpretation 
co of the ir. spectra, a of the Farmitalia Laboratory for some of the 
analy ses Contained in this 
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SYNTHESIS OF TETRAHYDRO- AND 
PERHYDRO-DENDROLASIN 
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As reported in a previous paper,' the results of chemical investigations on dendrolasin, 


the odourous substance C,,H..O produced by the ant Lasius ( Dendrolasius) fuliginosus 


Latr.. had led us to assign to this product the structure of 3-(4:8-dimethylnona-3:7-dienyl) 


CCH,CH,CH=-CCH (CH,),CH(CH,),CHCH 


CH CH CH, CH 


(CH,),CH(CH,),CHCH 


CH CH 


Formula (1), which is in excellent agreement with the i.r. spectrum data of the 
substance and 1 ivdroderivatives, appeared also convincing from the biogenetic 
point of view, since it could be derived from the head to tail linking of three isoprene 
units. It was however necessary to give a direct confirmation of structure (1), and this 
could be achieved only through the synthesis of dendrolasin or its hydroderivatives 
(11) and (IIT) 

Synthesis of f-alkylfurans has been achieved in a few cases*; considering the 


difficulties marking the introduction of the long unsaturated isoprenoid chain con- 


tained in dendrolasin, we decided to direct our attempts first to the preparation of its 
hydroderivatives 


}-alkylfurans are reported in the literature, that is: //-methyl, /-isopropyl and /-isohexyl- 
id yvdroperiiiene) ha been obtained by catalytic hydrogenation ol perillene No Lr. 
urans were available tll now 


and M. Pavan Tetrahedron 1, 177 (1957 
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Among the different routes which could be planned for the synthesis of perhydro- 
dendrolasin (111), those summarised in (A) and (B) appeared most conv enient,”* 

(A) Synthesis of 2-(4’:8’-dimethylnonyl)butandiol-1:4 (VIII) and subsequent cycli- 
sation to (III) 

(B) Synthesis of -(4:8-dimethylnonoyl)furan (XII) starting from 6-furoic acid, 
followed by reduction to CH, of the CO group, and successive hydrogenation 
of the furan ring to tetrahydrofuran 

Tetrahydrodendrolasin (11) could be synthesised according to scheme (B) by 

limiting the process to the last but one stage 

Both methods (A) and (B) have been used with success. Before carrying out the 

syntheses with starting materials of difficult and laborious preparation such as i-furoic 
acid and 4:8-dimethylnonoic aldehyde required respectively by scheme (A) and (B), 
both processes have been tested on easily available products, in order to find the proper 
experimental conditions. Sev eral models of (III), containing a simpler side chain, and 
some a-substituted furans (among them the a-isomer of tetrahydrodendrolasin) have 
been thus synthesised?*. 

Synthesis of perhydrodendrolasin (A\1) according to scheme (A) has been performed 

through the following steps: 


HBr Mg 


H 
Geraniol ——» Tetrahydrogeraniol » CH,CH(CH,),CHCH,CH,Br > 
Raney Ni Et,O 
IV CH CH, 
HC(OEt) (CH,COOE?), 
> CH,CH(CH,),CHCH,CH,MgBr » CH,CH(CH,),CHCH,CH,CHO > 
hydrolysis K-t.butoxide 
CH CH CH CH 


V 
>» 
CH CH CH,—COOEt 


» CH,CH(CH,),CH(CH,),—CH—COOEt > 


Pd 


CH CH, CH,—COOEt 
Vi Vil 
LiAIH, 60 per cent H,SO, 


—» CH,CH(CH,),CH(CH,),—CH—CH,OH > 
Et,O 


CH, CH CH,—CH,OH 


CH,CH(CH,),CH(CH,),—CH—CH, 
CH CH, re 


CH,—CH, 
Vill il 


Geraniol has been hydrogenated in ethanol solution over Raney nickel to tetra- 
hydrogeraniol, and this has been transformed with HBr into tetrahydrogeranyl 
bromide (IV). The subsequent step which leads to 4:8-dimethylnonoic aldehyde (V) has 


* Both routes had been successfully applied respectively to the synthesis of «-substituted tetrahydrofurans 
and furans 
The preparation of these compounds will be reported in a subsequent paper 
2 W. Longinow J. Russ. Phys. Chem. Soc. 46, 1084 (1914); Jbid. 47, 1139 (1915); C. G. Overberger and 
C.W. Roberts J. Amer. Chem. Soc. 71, 3618 (1949); T. Reichstein Hel dicta 13, 345 (1930); H. Gilman 
and N. O. Calloway J. Amer. Chem. Soc. 55, 4203 (1933); N. L. Shnikin, B. V. Shemastina, and B. D. 


Cherkasova J. Gen. Chem. U.S.S.R. 8, 674 (1938); M. Petizon and P. Baranger C. R. Acad. Sci. Paris 
234, 2296 (1952); Jbid. 236, 499 (1953). 
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been achieved by condensing tetrahydrogeranylmagnesium bromide with ethyl ortho- 
formate. The diacetal thus obtained, saponified with dilute hot sulphuric acid, gives 
the free aldehyde which has been purified through its bisulphite derivative. Stobbe’s 
condensation of the aldehyde (V) with diethyl succinate afforded the diethylester (V1) 
of 4:8-dimethylnonylidensuccinic acid. The subsequent reduction of (V1) gave diethyl 
4:8-dimethylnonylsuccinate (V1); this last, treated with lithium aluminium hydride in 
ether solution, produced in good yield 2-(4':8 -dimethylnonyl)butandiol-1:4 (VII). The 
final step of the synthesis, that is the dehydration of glycol (VII) to the corresponding 
}-(4:8-dimethylnonyl\tetrahydrofuran (111) was carried out in 75 per cent yield by 
heating with 60 per cent sulphuric acid 

The product thus obtained is a colourless liquid b.p. 156°/15 mm, mj, 14488. It 
appears in any respect to be identical with perhydrodendrolasin prepared by catalytic 
hydrogenation of natural dendrolasin, as described in a previous paper.’ A comparison 
of the i.r. spectra of the two products, as shown in Fig. 1, A, confirms their identity 

Synthesis of tetrahydrodendrolasin (I) and pe rhydrodendrolasin (All) starting from 
}-furoic acid, as planned in scheme (B), has been achieved as follows: 


CH,CH—(CH,),CHCH,CH.MgBr CdCl CH,CH(CH,),CHCH,CH, 


CH, CH, benzene _ CH CH 
x x! 
CO(CH,),CH(CH,),CHCH, N,H,,NaOH (CH,),CH(CH,),CHCH 
CH CH, propylenglycol CH CH 
il 


H, (CH,),CH(CH,),CHCH 


Raney Ni H 
CH, CH, 


Tetrahydrogeranylcadmium (XI), prepared from tetrahydrogeranylmagnesium 
bromide (X) and anhydrous CdCl,, has been condensed in benzene solution with 
B-furoyl chloride (IX). The Wolff-Kishner reduction of the thus obtained and 
properly purified $-(4:8-dimethylnonoyl)furan (X11) afforded in a fairly good yield 
3-(4:8-dimethylnonyl)furan (11). Synthetic tetrahydrodendrolasin (II) is a colourless 
liquid b.p. 90-91°/0-6 mm, nj, 1-4571 which turns slowly to brown on exposure to 
air and light. It gives a pine shaving test and a colour reaction with vanillin which 
are very similar to those of natural dendrolasin. Its physical and chemical character- 
istics demonstrate that it is identical with the tetrahydroderivative obtained by 
hydrogenation of dendrolasin over Pd—C—BaSO, under controlled conditions, as 
previously reported. The i.r. spectra shown in Fig. 1, D, also confirm the identity of 
the two products. 

Hydrogenation of (II) in the presence of Raney nickel yielded a /-(4:8-dimethyl- 
nonyl)tetrahydrofuran (ILI), b.p. 120°/1-8 mm, nj, 1-4481, which proved to be identical 
with the product synthesised according to scheme (A), and with perhydrodendrolasin 
from natural source, as shown by the i.r. spectra reported in Fig. 1, B. 

Although the synthesis of perhydrodendrolasin according to scheme (B) might 
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appear more simple and direct than that achieved following the alternative route (A), 
it has proved to be in practice rather toilsome, because of the intervention of secondary 
reactions which lead to undesired by-products very difficult to eliminate. Such are: 
(a) tetrahydrogerany! /j-furoate, which always is formed in conjunction with ketone 


1500 1300 1200 100 000950 900 850 


\ synthetic /-(4:8-dimethylnonyl)tetrahydrofuran, via glycol, liquid 0-023 mm 

B synthetic via //-furoic acid, liquid 0-0264 mm 
C Perhydrodendrolasin, liquid 0-022 mm 

D synthetic /-(4:8-dimethylnonyl)furan, liquid 0-0264 mm 

E Tetrahydrodendrolasin, liquid 0-0263 mm 


F liquid 0-0247 mm 


(XII) in the reaction between tetrahydrogeranylcadmium and /-furoyl chloride, even 


when pure tetrahydrogeranyl bromide completely free from the corresponding alcohol 
had been employed, and (b) 2:6:11:15-tetramethylhexadecane (crocetane), which is 
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formed in the action of magnesium on the bromide. i.r. spectrum have proved very 
helpful in this work for testing the purity ol the reagents and for the identification of 
the secondary products forn ed in the different stages ot he synthesis 
The above described syntheses of tetrahydro- and perhydro dendrolasin confirm 
that the structure we hi 


to dendrolasin on the basis of chemical and spectro- 


chemical evidences 1s cor! 
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with ice and dilute HCl. The organic layer thus separated, dried (Na,SO,), left after 
removal of the solvent the diethylacetal of 4:8-dimethylnonoic aldehyde. The hvd: ly- 
sis Of this last was carried out by refluxing for | hr with dilute H,SO,, taking up into 
ether the aldehyde set free The crude aldehyde left after elimination of the solvent 
had a b.p. 84-87°/2 mm, and contained traces of halogenated products; it was there- 
fore purified through its bisulphite derivative. For this purpose 33-5 2g of aldehyde 
were added to the clear solution obtained by mixing 40 ml of a saturated NaHSO, 
solution with 40 ml of methanol, and the mixture was shaken for 6 hr ina well stop- 
pered bottle. The white crystalline precipitate was collected, washed with methanol 
and ether, and then decomposed with a suspension of 10 ¢ of NaHCO, in 80 mi of 
water. The aldehyde was isolated from the mixture by steam distillation followed by 
extraction with ether and fractionation in vacuo (in the presence of trace of hydro- 
quinone) of the oily residue left after removal of the solvent. The pure 4:8-dimethyl- 
nonoic aldehyde thus obtained weighed 7-6 ¢ (17-5 per cent yield). It is a colourless 
liquid endowed with a peculiar smell, soluble in most of organic solvents. B p. 75-76 

O-S mm, aj, 1-430] 


Synthesis of Perhydrodendrolasin Accordine to Scheme A 


Condensation of 4:8-dimethylnonoic aldehyde (V) with diethyl succinate : diethyl 
ester of 4 S-dimethyinon ICNSUCCINIC a lo 250 ml of ant yvdrous fert-butans 
contained in a 4 |. flask fitted with a reflux condenser. a dropping funnel and a nitrogen 


potassium were added, maintaining a continuous slow 
stream of nitrogen. A mixture of 44 g of diethyl succinate and 34-4 g of 4:8-dimethvl- 
nonoic aldehyde was the added to the bx ng potassiun alkoxide solution. and the 
whole was refluxed for 24 hr in nitrogen atmosphere. After removal of the greatest 
part of the fert-butyl alcohol by distillation it reduced pressure ne reactor I ure 


was 


Sstean mstiliatior n ture ‘ tinen tracted wit! her, and 


Gmissoived in te times its VOlume 


and Kept at room te 


the ethanol at reduced pressure, the residue was poured into ice water and extracted 
with ether Ihe ether layer, washed with Na.CO. and dried (Na SO,), gave a 
residue which was fract onated in acu At 160°/2-5 mm diethyl! Succinate was 
recovered then at 17] 173 2 5 mm. diethyl! din etl yinonviidensuc nate distilled as a 
viscous 1-4536. Yield 24 per cent (Found 69-85: H 10-54 lor 


om 69-90; H, 10-50 per cent) 
alalytic hyd venation of diethyi dimethyinon diethyl ester of 4:3- 
adimeti Il) 2 OF the above described diet ivicster d ssolved in 


100 ml of ethanol, were shaken with hydrogen at roon temperature and at 3 atm 


pressure in the presence of 0-2 ¢ of Pd— Ihe H, absorption was con pleted in 


3+—4 hr After filtration of the catalyst and removal of the solvent. the residue was 


distille 


d at reduced pressure. Diethyl 4:8-dimethylnonylsuccinate is a colourless oi 
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b.p. 175-176 /4 mm with 1-4404. Yield 80 percent. (I ound: C, 69-29; H, 10°73 
Calc. for ¢ C, 69-47; H, Il 05 per cent.) 

Reduction of diethyl dimethylnonyisuccinat th lithium aluminium hydride; 
butandiol-1:4 (VIL). A solution of 16 7 of the ester in 200 ml 
of drv ether was refluxed with 3-8 ¢ of LiAIH, at the water-bath for a period of 6 hr. 
The unaffected hydride was then decomposed w ith moist ether and water. The organic 
laver, dried (Na,SO,) and distilled, gave a residue which was fractionated at reduced 
pressure. At 159-160°/0 12 mm the glvcol distilled as a viscous liquid with nj, 1-4588 
Yield 10 g (about 80 per cent of the theoretical amount) 

Dehydration of dimethylnonylbutandiol to etrahydrofuran 
nerhvdrodendrolasin) (1). The procedure described by Longinow’® for the 


conversion of 1:4-glycols into the corresponding tetrahvdrofurans has been employed 
A mixture of 8-9 ¢ of dimethyinor vibutandiol and 20 mi of 60 per cent (by weight) 
sulphuric acid was heated in a 50 ml distillation flask under reduced pressure (200 mm); 
a colourless emulsion was formed wl! ch gradually turned brown. The temperature 
was then allowed to rise to the boiling point of the mixture, and held at this point until 
10 ml of distillate (which separated into two lavers) were collected. The dark reaction 
mixture left in the distillation flask was diluted with water, made slightly alkaline and 
then extracted with ether. The solvent was removed and the residue steam distilled 


The aqueous distillate thus obtained combined with the portion collected during the 


first phase the reaction, was again taken up into ether. Distillation of the ether 
solution viously was! vith Na.CO.. gave an oily residue which was fractionated 
e. At 156/15 mm the ‘methvinonvitetrahvdrofuran distilled as 

yuid of faint odour. m” 1-4488. Yield 6 g (about 75 per cent) (Found 

12-98. Calc. for C,.H,,O: C, 79°57; H 13-36 per cent) The 1.1 

spectrum of the thus prepared perhydro-dendrolasin is given in Fig. 1, A. It 1s practi- 


cally identical with that of the product prepared by hydrogenation of dendrolasin 


tetrahvdrodendrolasin and perhydrodendrolasin ac ordine to scheme B 


so (X11).°" A solution of tetrahvdrogerany|- 
magnesium bromide was prepared as described (p 190). starting from 56 ml (0-254 


mole) of pure tetrahy iroveranvl bromide, 6-1 ¢ (0-254 g atom) of Mg turnings and 
125 ml of anhydrous ether. Titration with N/10 H,SO, and NaOH indicated that the 


Grignard reage ad been formed in a 86°5 per cent yield. To the cool, clear solution 
of the Grignard 23-6 g (0-127 mole) of recently melted anhydrous cadmium chloride 
were added over a period of $10 min. After all the CdCl, had been introduced, the 
mixture was stirred and heated under reflux until the Gilman test for unchanged 
Grienard reagent was negative (about 20 min were required). Ether was then rapidly 
distilled from the reaction mixture until a semisolid residue was left; at this point 50 ml 
of pure dry benzene were introduced. and the distillation was continued until 60 ml of 
the solvent were collected. An additional 70 ml portion of benzene was then added 
and. with continual stirring, a solution of 97 2 (0-207 mole) of #-furoyl chloride in 
60 ml of benzene was dropwise added at room temperature. After refluxing for about 
| hr. the reaction mixture was cooled and decomposed with ice and dilute sulphuric 


acid. The benzene layer was separated and the aqueous phase extracted with ether. 


D. A. Shirley Org. React. VU 28 (1954) 
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The combined organic extracts, washed with NaHCO, solution and dried (Na,SQ,), 
were evaporated. The oily, reddish coloured residue, fractionated at reduced pressure 
gave a small quantity of unchanged furoyl chloride and 37-3 g of crude ketone b.p. 
150-160°/8-9 mm. Yield 76.5 per cent 

The product thus obtained contained some fetrahydrogeranyl /-furoate and some 
crocetane (2,6:11:15-tetramethylhexadecane) which could not be removed by distil- 
lation. The i.r. spectrum of an apparently pure specimen with b.p. 127-5°/0-5 mm and 
nm, 1-4631 prepared by repeated fractionation of the crude ketone, still showed the 
bands of the ester. To eliminate this last, the raw ketone was refluxed for 2 hr with 7 g 
of KOH in 100 ml of methanol. After distillation of the methanol, the residue was 
treated with water and the oil taken up into ether. Fractionation under reduced 
pressure of the oil recovered from the ether solution gave 5-7 g of tetrahydrogeraniol 
b.p. 75-85°/1 mm, 7, 1-4437, and 27-2¢ of a fraction b.p. 120—-130°/1 mm with 
ny,” 1-4660. Some /-furoic acid (3-1 g) m.p. 121-122" was recovered from the aqueous 
alkaline phase by treatment with sulphuric acid. The high boiling fraction redistilled 
twice yielded 21-3 g of a colourless oil b.p. 140°/2-4:mm, nj,” 1:4667. The analysis 
and the i.r. spectrum indicated that this product contained about 25 per cent of 
crocetane. 

The pure ketone was isolated from this mixture by converting it into the corre- 
sponding phenylsemicarbazone. 4-3 g of the product b.p. 149°/2-4 mm, dissolved in 
methanol and treated with 3-4 g of phenylsemicarbazide chloride and 1-65 g of NaHCO, 
gave, after 24hr standing, 2-8 g of crystalline phenylsemicarbazone. Purified by 
recrystallisation from methanol it formed thin needles m.p. 125° (Found: N, 11-12 
11-20. Calc. for ¢€ oH OLN, N, 11-37 per cent) 

Pure dimethylnonoylfuran, set free from its phenylsemicarbazone by hydrolysis 
with boiling dilute H,SO,, is a colourless oil b.p. 115-116°/0-05 mm, nj, 1:-4747 
(Found: C, 76-07; H, 10-08. Calc. for C,;H,,O,: C, 76-22; H, 10-24 per cent). It 
gives the vanillin reaction (brown-red) and the pine shaving reaction. Its i.r. spectrum 
is given in Fig. 1, F. Besides the strong CO band at 1685 cm™ and the isopropyl group 
bands at 1384 and 1367 cm~', the following bands assignable to the furan system are 
present: 1565 and 1512cm™' (conjugated furan); 1158 873 and 741 cm (- 
substituted furan) 

Dimethylnonoylfuran 2:4-dinitrophenylhydrazone crystallises from glacial acetic 
acid in orange needles m.p. 98-99" (Found: N, 13°52; Calc. for C,,H,.O;N,: N, 
13-45 per cent). Both the p-nitrophenylhydrazone and semicarbazone were oils at 
ordinary temperature 

Wolff-Kishner reduction of dimethylnonylfuran: (-(4:8-dimethylnonyl)furan (syn- 
thetic tetrahydrodendrolasin) ([1).""_ A mixture of 15 g of the ketone (purified through 
its phenylsemicarbazone as described) 8-6 g of NaOH, 9-5 ml of hydrazine hydrate and 
130 ml of propylene glycol, was refluxed for | hr in nitrogen atmosphere (temperature 
of the liquid 146°). A portion of the liquid was then distilled until the b.p. of the 
reaction mixture attained 180 After two additional hours of refluxing the mixture 
was poured into an excess of dilute sulphuric acid, and the oily product thus separated 
was extracted with ether. The portion which distilled between 146° and 180° was 
submitted to the same treatment. The combined extracts were washed with dilute 
H,SO,, then with water, and finally dried (Na,SO,). By distilling the ether solution an 


'! Huang-Minlon J. Amer. Chem. Soc. 68, 2487 (1946) 
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oily residue was obtained which, on distillation in vacuo, gave 5 g of crude dimethyl- 
nonylfuran b.p. 97-102°/1:2 mm. This was purified by careful twice repeated frac- 
tionation at reduced pressure. Pure dimethylnonylfuran is a colourless oil b.p. 90-91°/ 
0-6 mm, #7,’ 1-4571, which slowly turns brown on exposure to air and light (Found: 
C. 81-03: H, 12-34. Calc. for C,,H,,0: C, 81-02; H, 11-79 per cent). With vanillin 
in ethanol-HCl solution it gives a fine fuchsia-red colour which turns brown on 
heating; the pine shaving reaction Is the same as that of dendrolasin (dirty blue-green). 

The i.r. spectrum, reported in Fig. |, D, is practically identical with that of the 
tetrahydroderivative obtained by catalytic hydrogenation of dendrolasin (Fig. 1, E). 

Hydrogenation of dimethylnonylfuran with Raney nickel; }-(4:8-dimethyinonyl) 
tetrahydrofuran (111) (Synthetic perhydrodendrolasin). A solution of 1-85 g of synthetic 
tetrahydrodendrolasin in 100 ml of 95 per cent ethanol was shaken with hydrogen 
at room temperature and at ordinary pressure, in the presence of 2 g of Raney nickel 
W 5. The absorption ceased when 402 ml of H, (at 17° and 750 mm) had been fixed 
(calc. for two double bonds: 399 ml). After removal of the catalyst and the solvent, 
the liquid residue was distilled at reduced pressure. It yielded a colourless oil b.p. 


120°/1-8 mm, nz” 1-4481. The i.r. spectrum, given in Fig. 1, B, is identical with that of 


perhydrodendrolasin from natural source or synthesised according to scheme A 


The authors are indebted to Dr. F. Canal of the Farmitalia Research Laboratory 


for some of the C.H determinations, and to Dr. E. Mantica for his assistance in the 


interpretation of the i.r. spectra 
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VORSCHLAG ZUR BIOGENESE DER 
AMARYLLIDACEENALKALOIDE 
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Organisch-chemisches Institut der Technischen, Universitat Berlin-Charlottenburg 


(Received 9 April 1957) 


Abstract—A scheme is proposed for the biogenesis of the Amaryllidaceae alkaloids which involves 


the condensation between an aliphatic and an aromatic precursor. The hydro-aromatic nature of the 


C-ring of the lycorine group can thus be readily accounted for. 


Dit Amaryllidaceen bilden eine Anzahl chemisch wie pharmakologisch interessanter 
Alkaloide, die wenig Beziehungen zu anderen Naturstoffen aufweisen. Sie enthalten 


fast alle ein charakteristisches hydriertes Indolinsystem neben einer partiell hydrierten 


Diphenyleinheit. Nach den bis heute vorgeschlagenen Strukturformeln lassen sich 
die Amaryllidaceenalkaloide in vier Gruppen einteilen, die im folgenden nach dem 
zuerst strukturaufgeklarten Alkaloid jeder Gruppe benannt werden sollen: 
Lycorin- Lycorenin-, Tazettin-, Crinin- und Galanthamingruppe. 
Ausgehend von der besonderen Rolle, die Dioxyphenylalanin bei der Biogenese 
verschiedener Alkaloidklassen spielt, wurde 1953 von Wenkert ein Biogeneseschema 


vorgeschlagen, das die Entstehung der Amaryllidaceenalkaloide durch oxydative 
Verknipfung von 3, 4-Dioxyphenylathylamin und 3, 4-Dioxyacetaldehyd annimmt.!” 
Trotz seiner Einfachheit hat es den Nachteil, daB es die Bildung des hydroaromat- 


ischen Ringes C der Lycoringruppe aus einem aromatischen System nur schwer 

Diese Schwierigkeit laBt sich umgehen, wenn man sich die Alkaloide durch 
Kondensation einer Dioxyphenylalanineinheit mit einem aliphatischen Teilstiick 
entstanden denkt. Es lassen sich dann auf einfache Weise die Strukturtypen der bis 


heute bekannten Amaryllidaceenalkaloide ableiten. 

Der im folgenden angegebene Weg soll das Prinzip des gemeinsamen Aufbaus 
der verschiedenen Alkaloidgruppen erlautern. 

Als Grundbausteine der Amaryllidaceenalkaloide werden 3, 4-Dioxyphenyl- 
acetaldehyd (I), /-Ketoglutardialdehyd und Glycin, bzw. deren biogenetische 


Aquivalente angenommen. (I) und (II) sind schon wiederholt als Grundelemente 


verschiedener Alkaloidklassen postuliert worden.':® Sie leiten sich auf einfache 
Weise vom 3, 4-Dioxyphenylalanin bzw. von der y-Keto-«, «'-diaminopimelinsaure 


! E. Wenkert Chem. and Ind. (Rev.) 1088 (1953). 

. Wenkert und J. H. Hansen Chem. and Ind. (Rev.) 1262 (1954). 
*R. Robinson Chem. and Ind. (Rev.) 1317 (1953) 
*R. Robinson The Structural Relations of Natural Products p. 91. Clarendon Press, Oxford (1955). 
® S. Takagi, W. I. Taylor, S. Uyeo, und H. Yajima J. Chem. Soc. 4005 (1955). 
®* R. Robinson The Structural Relations of Natural Products pp. 51, 67, 75, 77. Clarendon Press, Oxford 
(1955). 
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ab. Durch Kondensation der (I) und (II) entsprechenden Karbonsduren mit Glycin 
kénnten sich die Aminoketone (IIT) und (IV) bilden: 


Oxydation 


Oxydation 
CH 


CHO 


Ahnliche Kondensationen treten z. B. bei der Biosynthese der 0- A minoliavulinsdure’ 
und bei Robinsons Vorschlag fiir die Lysergsaurebiogenese aul.* Durch wechsel- 
seitige Kondensationen zwischen (1) und (IV) bzw. (11) und (IIL) lassen sich die 
Grundskelette der Amaryllidaceenalkaloide ableiten 

Diese Reaktionen kénnten analog anderen Alkaloidsynthesen auch in vitro unter 
zellméglichen Bedingungen verlaufen. Es mag hier erwaihnt werden, dab man sich 
die Kondensationsprodukte auch aus anderen Teilstiicken entstanden denken kann 


Fs ergeben sich dadurch jedoch keine vom beschriebenen Weg grundsatzlich 
abweichende Reaktionsfolger 
Die eigentlichen Alkaloide kénnen aus den Kondensationsprodukten durch 


eine Reihe einfacher chemischer Umwandlungen entstehen. Im einzelnen lassen 


sich dabei folgende Reaktionen feststellen 


(a) Kondensation des Benzolkerns mit Formaldehyd in a-Stellung zur Seiten- 
kette, 
(b) Reduktion der Carbonylgruppe im hydroaromatischen Sechsring zur Hydro- 


xylgruppe, 


Abspaltung von Wasser unter Bildung eines x, /-ungesittigten Carbonyl- 


systems, 
Reduktion der Carbonylgruppe in /-Stellung zum Stickstoffatom zur 
Methylengruppe, 

(ec) Hydroxylierung in Allylstellung, 


(f) Methylicrung von Hydroxy- und Amino-gruppen 


7D. Shemir nd C. S. Russe ” Mr 75, 4873 (1953); A Neuberger und J. J. Scott Nature, 
Lond. 172, 1093 (1953), und vo rechen eroffentlichungen 


*R. Robinson The st tural Relatior atura oduct 107. Clarendon Press, Oxford (1955). 
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Die folgenden Beispiele zeigen die Anwendung der Reaktionen (a-f) bei der Um- 


wandlunge der Primirkondensate in die natirlichen Alkaloide. Die Reihenfolge 


der Reaktionen h in den meisten Fallen verandern 


Noe 
CH 
earn 
xydotion (f 
yoorenin 
nydotior 
ycorin 
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Abstract 


i 1-(o-carboxy- 


ilKOXY 


val 
rOAIGe ana 


investigated here 


- 
A 
‘ 
series of substituted benzo!c)lpyrazolo! |:2-a)pyrazol-1:9-diones has been prepared by 
conacnsing ketoesters wit! Nydrazine, using phosphorus trict oride as 
conde! agent 
‘nee These bstances are converted by (i) aqueous sodium hydroxide into substitute 7” 
phenyl) py Ol-3-ones coholic solutions of sodi ydroxide in idstituted - 
carb ohenvl) pvrazol-3-or ind (iii) at hanolic so pipe ne if a mixture of 
1- carbonyl-phe ol-3-ones and the « esponding pips 
rhe is in ethar xide and of the bases ir 
m 
MICHAELIS’ investigated the reaction betwee carboxyphenylhydrazine and ethy 
fa 
acetoacetate and [ound atin addition to pyraz >-one for! whic this 
nstance was accompanic er d¢ iration) an at aride o ne omeric 
pvraz or was tormed ta r temperature cul inc eact M aes 
is St fure OD il pencent syntnesis In accordance wit | ent nomenciature 
this 1s WwW named Js-met 2-alpvrazol-1:9-dione I 
M 
A ReEt, R=Me 
; Syntheses of I, Il and III have now been achieved b densa é acetyl- 
he fate tr bh] +} farn 
‘ brilliant blue fluorescence 
« a Veibel et a/.2"* have shown that 3-pyrazolones may be titrated in ethanolic solutio 4 
th , ealution with ner rid The 
with sodgium in Cig SOIULION Wi C ine 
SUDSLANCCS HOw ca e titrated m er as ack a ase 
sme 
vclis Lic inn. 373, 148 (1910 
; M inn. 373. 202 (1910) 
Ss. \ Kia > S$, 128 
Ss. \ K. Eggers Ss. 1 ( 6. Z 
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Their shortcomings as acids are easily understood, remembering that it is the enolised 


form of the pyrazolone which is titrated and realising that the lactimisation of the 


primarily formed o-carboxyphenyl pyrazol-3-one prohibits the enolisation The 


pyrazolones may be titrated as bases when thev are able to acquire a pyrazole structure 


or a 3-antipyrine structure IV or \ The participation of the structure I in the 


esonance hybride may perhaps reduce its reactivity in this titration. The resonance 


betw een IV and V may de responsible lor the fluorescence of the subdstances 
| may de regarded as ! ti Santipyvrine structure. Dul only sucn antipyrines 
which have a hydrogen atom or an alkyl group on N?® can be titrated, and here the 
4 
vdro atom al N= Is Substituted DV a benzo\ vroup which Will Certa nly decrease 


the ability of N* to capture a proton so that the substance becomes almost non-basic 


Treated wit! aqueous sodiu hydroxide the substa ices as indicated fo by 

Micl acis.- are converted nto saits of S-mono- o 4:5-disubst tuted i-(O-CarDdoXy- 
phnenvijpyrazol-3-ones Ire vhich the free acids VI—\ Ill may be liberated by additi n 


, of hydrochloric acid The fluorescence vanishes during the opening of ring B. The 

. icids VI—VIII on heating above their melting points lose water with ring closure to 
give I-III 

When titrated in ethanolic solution with sodium hydroxide VI-VIII behave as di- 

basic acids. When the titration is carried out electrometrically it is seen that the first 


jump of potential is similar to the jump generally found for carboxyphenylhydrazones 


: the second jump ts similar to the jump found for pyrazol-3-ones This is a difference 
irom carboxyp! envl)-3-met! yipvrazol-§ one which is titrated as a dibasic acid, 
the first jump of potential being only a hardly observable inflexion point on the 

? Ps titration curve.” The titration curves are seen in Fig. |] 


Glacial acetic acid solutions of VI-VIII may be titrated with perchloric acid in the 


same solvent. Fig. 2 shows the titration curves from which is estimated! that pA, 


of the three substances are 12-2, 12-2 and 12-5 respectively, as compared with the pK 


values 12-2, 12:3 and 12-4 respectively for the corresponding 1-phenylsubstituted 


pyrazol-3-ones.‘ The introduction of a carboxyl group in place of a hydrogen atom in 


the phenyl-nucleus has evidently no significant effect on the basic properties of the 


pyrazolones 


When dilute sodium hydroxide is added slowly to ethanolic solutions ot suspen- 


sions of I-III it is seen that the fluorescence vanishes when one equivalent of sodium 


hydroxide has been added. By addition of one equivalent of acid and evaporation of 


the solution in vacuo three substances may be isolated which are not the acids VI-VIII 


S. Veibel and H. W. Schmidt Acta Chem. Scand. 2, 545 (1948) 
S. Veibel Acta Chem. Scar 1, 54 (1947) 
S. Veibel, K. Eggersen, and S. | holt Acta Chem. Scand. 8, 768 (1954) 
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but their ethyl esters. In methanolic solution the corresponding methyl esters are 
formed. When the sodium hydroxide added is too strong (N instead of 0-1 N) a 


mixture of the free acid and the ester is formed. The formation of the ester may be 


compared with the formation of acid esters by addition of sodium hydroxide to 


ethanolic solutions of acid anhydrides.* We examined the effect of bases other than 


the hydroxide or alkoxide ion and found that trimethylamine did not catalyse the este 


formation and had no effect on the ethanolic solution of I. On the other hand piperi- 


dine did catalyse a reaction, but slower than that catalysed by hydroxyl! ions, which led 


to a mixture of ester and piperidide of VI 
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In order to obtain some evidence with regard to structural changes in connection 
with the opening of one pyrazolone nucleus, with ester formation of the carboxy- 
phenylpyre izolones and with the salt formation of the esters with sodium hydroxide 


esters of ind Ethyl ester of VIII 


perchloric acid the ultra-violet absorption of these substances was determined. The 
Figs. 5-10 show that 

(1) The benzo[c}pyrazolo[1:2-a]pyrazol-1:9-diones have 3 maxima of absorption, 
at 2000-2300 A, at 2900 A and at 3900 A 


(2) The intensity of absorption in the region 2000-2300 A is somewhat reduced by 


the opening of one pyrazolone nucleus, the maximum at 2900 A is reduced to an 
inflexion point and the absorption at 3900 A has been completely abolished 

(3) No significant difference between the absorption spectra of the carboxy- 
phenylpyrazolones and their methyl esters is observed 

(4) The effect of the formation of sodium salts of the methv! esters is the re- 
stablishment of an absorption at 2900-3000 A which in the sodium salts is b oadened 
towards longer wavelengths, the absorption in the whole region 2900—3900 \ being 
uch more pronoul ced t! an the ester n eutral sol 


salt formation with perchloric acid does no produce any significant difference 


absor ption 


HOOCC,H,NHNHCOCH 
and A.A-diacet -carboxypher nvdrazine. HOOC H NHN(COCH 
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neutralisation by addition of further 1-2 ml of 10 N sodium hydroxide. All precipi- 
tates were collected on the same filter, washed with water, ethanol and ether and 
finally air-dried 

The temperature was kept low at all stages of the reaction in order to avoid 


formation of benzopyrazolone by ring closure 


Cards xyphenyl- 


The free o-carboxyphenylhydrazine was refluxed for 2 hr with 8-10 parts (by 


weight) of glacial acetic acid. A quarter of the solvent was then removed in vacuo 
(bath temperature 50-60°C). The residue was cooled in water and filtered through a 
sintered-glass filter, washed with water and air-dried. A further crop was gained by 


diluting the filtrate with 2-3 volumes of water. Total yield was 68 per cent and the 


m.p. 243-245°C, indicating that the substance during the heating was converted into 


benzopyrazolone, m.p. 244°C.* 

We tried to improve the yield by addition of 10 per cent acetic anhydride to the 
refluxing mixture. The result was, however, that the yield of f-acetyl o-carboxy- 
phenylhydrazine was reduced and another substance with m.p. 200°C was formed in a 
yield of 20-30 per cent. This substance showed by electrometric titration with 0-1 N 
sodium hydroxide (solvent : ethanol) mol. wt 237-9 against 194-2 calculated for 
p-acetyl o-carboxyphenylhydrazine. The two titration curves are shown in Fig. 11. 
The new substance gave the following results on analysis (Found: C, 55-70; H, 5-00; 
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N, 11-92. mol. wt 37-9. C,,H,,0O,N, requires C, 55-92; H, 5-10; N, 11-86 per 
cent. mol. wt 236-2*) 

This corresponds to a diacetyl derivative of o-carboxyphenylhydrazine. As the 
substance is not converted into a benzopyrazolone derivative on heating the structure 
p-diacetyl o-carboxyphenylhydrazine is more probable than the structure x,/-diacety! 


o-carboxyphenylhydrazine 


(1) 


In a 100—150 ml flask connected by a ground-glass joint to a reflux condenser 19-4 ¢ 


(0-1 mole) of f-acetyl o-carboxyphenylhydrazine was thoroughly mixed with 26 ¢ 

(0-2 mole) of ethyl acetoacetate. Eighteen ml (0-2 mole) of phosphorus trichloride 

were added dropwise through the reflux condenser, starting a reaction accompanied by 

evolution ol hvdrogen chloride The vigorous reaction was controlled by cooling the 

flask in iced water. When all the phosphorus trichloride had been added the flask 


was left at room tempera for ‘nt shaking and n heated for some 


volution of hydrogen chloride had ceased. It was 
reupon 50 ml of water were added i 


e hitered through a sintered- 


t) of ek al acetic 


shows a very brilliant blue 
fluorescence thanol Nutions, t are fl t. but not so brilliantly as are the 


acetic acid solul 


2-f 


In a flask equipped as above f | mole) of yl o-carboxyphenylhydra- 


ne were tnorougniy 15 mole) ethyl etl viacetoacetate 


Eighteen ml (0-. 


de were added and the flask was heated 
slightly in order to start the re: 1 which was then continued, allowing the flask to 
stand for 2 hr at room temperature and then for 4 hr on the steam-bath and again at 


* All micro wel 1, tets Kemi Laboratorium 


* E. Fischer Be 


: 
‘ a 
hours on the steam-bath tll the 
} 
then left overnight at room tempe 
small quantities, precipitating yellow crystals Which Wcr 
glass filter and purified by recrystallisation from 10 parts (by weich EEE ae 
d or 20 parts (Dv weight) of ¥6 per cent ethano 
; 
| ne reactions are aS 4 
NHNHCOCH,. CHCOOC.H. N CCH. +H.O 
5 
+ CH,COOC.H. > +H 
Yield 12-14 g (60-70 per cent) with m.p. 268-270°C, Michaelis* gave m.p. 265 ¢ 
(Foun f 00°22 H, 3-9 N. 14-05 per cent. Calc. for C,,.H.O.N ( 66-00 
H. 4-03: N. 14-00 per cent. mol. wt 200-2) 
ee, Disch. Chem. G 13, 680 (1880). 
P 
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room temperature overnight. The following day the reaction was continued by 
heating once more on the steam-bath to ascertain that the evolution of hydrogen 
chloride had ceased. It was then cooled and 50 ml of iced water or, preferably, 100 
ml of 96 per cent ethanol were added, hydrolysing the excess of phosphorus trichloride 
and leaving a resinous precipitate which crystallised when left overnight covered with 
ethanol. The crystals were isolated by filtration and recrystallised from 20-40 parts 
(by weight) of 96 per cent ethanol or 10 parts (by weight) of glacial acetic acid. Yield 
6—7 g (25-28 per cent), m.p. 185°C (Found: C, 68-36; H, 5-31; N, 12:26. C,,H,,O.N, 
requires C, 68-41; H, 5-30; N, 12-28 per cent. mol. wt. 228-2). 


:2-a]pyrazol-1:9-dione (111) 

Che preparation of this compound was more difficult than that of the two first 
mentioned substances. It is recommended not to work with more than 0-05 mole 
(10 g) of f-acetyl o-carboxyphenylhydrazine and 0-075 mole (15 g) of ethyl benzoyl- 
acetate in each charge. The components were intimately mixed. Nine ml (0-2 mole) 
of phosphorus trichloride were added and the mixture was left at room temperature 
for some hours and then cautiously heated to 50-80°C for several hours. When the 
evolution of hydrogen chloride had ceased the flask was cooled and 50 ml of 96 per 
cent ethanol added, keeping the mixture cold by placing the flask in an iced bath. A 
resinous mass was formed which when left at room temperature covered with ethanol 
for a couple of days eventually crystallised. The crystals were isolated by filtration 
and recrystallised from 10-20 parts (by weight) of 96 per cent ethanol. Yield 4-4-5 g 
(30-35 per cent), m.p. 197-300°C (Found: C, 73-10; H, 3-85; N, 10-52. C,,H,O.N. 


requires C, 73-27; H, 3-84; N, 10°68 per cent. mol. wt 262: 


Isolation of \-acetyl benzopyrazol-3-one 
Accompanying the formation of the substituted benzo [c] pyrazolo [1 :2-a] pyrazol- 
| :9-diones a ring closure of the acetylated o-carboxyphenylhydrazine to benzopyrazol- 
3-one or an acetylated benzopyrazol-3-one may take place. From }-acetyl o-carboxy- 
phenyl-hydrazine the unsubstituted benzopyrazol-3-one is easily prepared on heating 
It has, as mentioned above, m.p. 244°C. From the reaction mixtures mentioned above 
we were able sometimes to isolate colourless crystals with m.p. 214-215°C which on 
analysis showed the composition CgH,O,N,, corresponding to an acetyl derivative of 


H, 4:96; N, 16:22. C,H,O,N, requires 


benzopyrazol-3-one (Found: C, 61-10; 2 
C, 61-34; H, 4:57; N, 15-90 per cent. mol. wt 176°2) 

As this substance can be titrated with sodium hydroxide (Fig. 11) and not with 
perchloric acid we consider it as l-acetyl benzopyrazol-3-one, formed from «-acety] 
o-carboxyphenyl-hydrazine present as an impurity in the preparations of /-acetyl 
o-carboxyphenyl-hydrazine used 
COCH 


NH 


COOH 


Opening of the rine B by addition of water or sodium hydroxide 
Compounds I-III suspended in water and treated with 2 equivalents of sodium 


hydroxide were converted into the disodium salts of the corresponding substituted 


4 
: 
he 
N 
NH H.O 
> 
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|-o-carboxyphenylpyrazol-3-ones VI-VIII. Heating is unnecessary and should be 
avoided. Upon addition in the cold of 2 equivalents of dilute hydrochloric acid the 
free acids VI-VIII were precipitated. VI. m.p. 232-234°C, Michaelis? gave m.p. 
221° (Found: C, 60-25; H, 4°53; N, 12:71. Cale for C,,H»O,N.: C, 60-51; H, 
4-62; N, 12:844 per cent. mol. wt 218-2). VIL. m.p. 215°C (Found: C, 63-13; 
H, 5°63; N, 11°55. C,3H,,O,N, requires C, 63-38; H, 5-73; N, 11-38 per cent. 
mol. wt 246-3). VIII. m.p. 273-275°C (Found: C, 68-50; H, 4-46; N, 10°16°C 
C,gH,,0,N, requires C, 68-54; H, 4-33; N, 10-00 per cent. mol. wt 280°3). As 
indicated above these acids behave as dibasic acids when titrated in ethanolic solution 
with 0-1 N sodium hydroxide and as monoacid bases when titrated in glacial acetic 
acid solution with perchloric acid. Titration curves are seen in Figs. 1-2. Heated 


above the m.p. the acids lose water with closure of ring B. 


Opening of the ring B by addition of sodium methoxide or sodium ethoxide 


To a solution or suspension of 0-01 mole of the substances I-III in 200-300 ml of 


methanol or ethanol (96 per cent o1 absolute) 100 ml of 0-1 N sodium hydroxide 


(aqueous, methanolic or ethanolic) were added with mechanical stirring during 1/2-1 


hr. The strong fluorescence of the solution vanishes during the addition. The solution 
was filtered in order to remove any undissolved particles, and the filtrate acidified 
with 0-01 mole of hydrochloric acid. The neutralised solution was evaporated to 
dryness in vacuo (bath temperature 30-40°C). The residue was extracted with 10-20 ml 
of hot methanol or ethanol, according to the solvent originally used. On cooling, the 
filtrate deposits crystals of the methyl- or ethyl ester of VI-VIII. Yield 70-80 per cent 
Methyl ester of V1, m.p. 163-164 °C (Found: C, 62-07; H, 5-06; N, 12-09. C,,.H,,O,N, 

requires C, 62°07; H, 5-21; N, 12°07 per cent. (mol. wt 
Ethyl ester of Vi.m p. 160-161°C (Found: C, 63-28; H, 5-50; 

requires C, 63-38; H, 5-73; N, 11-38 per cent. mol 
Methyl ester of Vil, m.p. (Found: C, 64-51; H, 

requires C, 64-58; H, 6-20; N, 10°76 per cent. mol 
Ethyl ester of V1, m.p. 150—-151°C (Found: C, 65-60; H, 

requires C, 65-69; H, 6°57; N, 10-22 per cent 
Methyl ester of Vill, m.p. 135-136 °C (Found: C, 69-47; H, 4-97; N, 9-49 

requires C, 69°38; H, 4:79; N, 9°52 per cent. mol. wt 294-3) 
Ethyl ester of Vill, m.p. 129-130°C (Found: C, 70-18; H, 5-00; N, 9-08. C,, 

requires C, 70-13; H, 5:23; N, 9-09 per cent. mol. wt 308-3) 

lo catalyse the ring-opening with bases other than the hydroxyl ion or the alkoxide 
ion we added trimethylamine to a suspension of I in methanol. No effect was 
observed. Using piperidine instead of trimethylamine the substance dissolved 
after prolonged stirring of the suspension, and by the usual procedure a mixture of 
crystals was obtained from which the methyl ester and another substance was isolated 
he latter had m.p. 168-169°C and gave, on titration with perchloric acid, the mole- 
cular weight 288, calculated for the piperidide of VI 285-3, for the methyl ester 232-2 
The yield was, however, poor and further experiments were not made (Found: 
C, 67:35; H, 6°50; N, 1488. C,,H,,O,N, requires C, 67-36; H, 6°71; N, 14-73 
per cent 

lhe esters were all titratable with perchloric acid, The titration curves are given in 


Figs. 3-4. In all titrations exactly 0-1 millimole of the ester was dissolved in 50 ml of 


: 
| 
2 4 
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glacial acetic acid and titrated with a 0-1 N solution of perchloric acid in glacial acetic 
acid. 

The piperidide, too, was titratable with perchloric acid as a monoacid base. 
Hardly any difference between the piperidide and the methyl ester was observed when 


0-1 millimole in 50 ml was titrated. 


Absorption of ultra-violet by the substances investigated 
The absorption of the ultra-violet by ethanolic or glacial acetic acid solutions was 
determined with a Beckman DI -spectrophotometer by measuring 1:2000 or 1:5000 


solutions of the substances against the solvent (ethanol, ethanol with addition of | 


equivalent of sodium hydroxide, glacial acetic acid or glacial acetic acid with addition 


of | equivalent of perchloric acid) 
The absorption curves are given in Figs. 5-10 
Financial support from the Carlsberg Foundation is gratefully acknowledged 
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Abstract 


KINETICS OF THE REACTION O} 
SODILM BOROHYDRIDE WITH CARBONYL GROUPS 
\ CONVENIENT TOOL FOR INVESTIGATING THI 
REACTIVITIES OF ALDEHYDES AND KETONES 


44 
Tetra p. 214 gamon Press Londor 
H. C. Brown, O. H. K. ICHIKAWA 
atte 
by 
a cetaticed stud of tine OF wilt on of SOCTI nvaridce 
“Ml 
G.H G.8.s 66 44 
H H.C.B H. R. Hock L. RR 75, 199 (195 
24 


im borohvdride with carbony! eT Ups 215 


one and benzaldehyde was undertaken to 


with acetone, acetophenone, benzophcn 
test this nossibilit 
Csi tf ™ ity 
SOdIU as Deen ul as a reducing avel primariv in wate! : 
It reacts w ine oOivents, Compiicati ine kinect stucy 
wen vA MEU OF LITT Accordingly propyl 
q 
RESULTS 
Fo. es of ket fh d 
H NaBH Naf(CH H B 
< 
The « central acetone 0-0400M to | 20M dt 
centrati of bo dride tr -00970M to 0-0305M cable 
nm ine ate constants 14 | | omn +} 
; AL mol¢ Sec served in a pre ry dy of ictior Rate 
Dm. A. Ly WAS ch 24 s4 


Brown, O. H. and K. IcHIKAWA 


/ 


Mear 


0-160 


0-160 0-O182 


0-160 
0-161 O-OLRS 

Mear 
0-161 00-0155 


0-O0800 
0-0400 00223 
0-O0800 0-0197 
0-160 0-O195 
0-0172 
0-160 0-0102 
0-160 00-0280 
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constants were also determined at 15-0, 25-0 and 35-0°. The data yielded an excellent 
log k, vs. 1/T plot (Fig. 2). The results are summarized in Table |! 

The reactions of sodium borohydride with acetophenone and benzophenone also 
exhibit second order kinetics, with the rate constants considerably smaller than that 
In the case of benzaldehyde the reaction proved 


observed in the case of acetone 
to be so fast that it was necessary to utilize both highly dilute solutions and lower 


temperatures in order to slow the reaction down sufficiently to permit the satisfactory 


determination of the rate constants 


rhe results are reported in Table | 


USSION 


DISC 


with sodium borohydride must involve four successive 


The reaction of acetone 


Stages 


H,BOCH(CH.,), 


R,CO + BH, 


H,BOCH(CH.,) H.B[OCH(CH,).], 


» HB[OCH(CH.,),] 


HB[OCH(CH,).] » B[OCH(CH,),], 


R,CO 


In this case, with is propyl alcohol as the solvent, interchange of the alkoxy groups 


vith the solvent should not alter the intermediates involved 


with a slow rate-determining reaction for 


a 


on boron 


Ihe observed kinetics are consistent 


This postulate has 


the first stage, with successive stages being considerably faster 


been confirmed by the preparation of the intermediate, sodium tri-is /propoxyboro- 
hydride, NaHB[OCH(CH,),],, and the demonstration that its reaction with acetone 
is indeed much faster than the reaction of the ketone with sodium borohydride 
itself 


The observed rate constants may either represent the rate of the direct reaction 


of borohydride ion with the carbony! group, 


OBH, 


C—H 


C + BH, 


or it may represent the product of an equilibrium constant for the association of 


borohydride ion and the aldehyde or ketone, and the rate constant for the subsequent 


Kk) 


transfer of a hydride ion to the carbonyl group (kK, 


Cc < 


OBH, 


H,B > Cull 


A choice between these possibilities does not appear possible at this time. How- 


ever, irrespective of this difficulty, the structural effects observed with the four car- 


bonyl compounds here examined do appear to be simply related to the structure of 


the molecules. 


H. C. Brown, E. J. Mead, and C. J. Shoaf J. Amer. Chem. Soc. 78, 3613 (1956) 
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For convenience in following the discussion, the rate constants at 0°, the relative 


rates and derived data are summarized in Table ? 


TABLE 2. KINETIC DATA FOR THE REACTION OF SODIUM 
BOROHYDRIDE WITH SELECTED CARBONYL COMPOUNDS IN 


OPROPYI ALCOHO!I 


The decrease in rate from acetone to acetophenone and benzophenone is In accord 


with the greater steric 1 iremen | the phenyl groups and their ability to con- 


jugate with 


the carbonyl groups and reduce their sensitivity to attack by nucleophilic 
reagents 

Similarly, the marked ference in > rates for acetophenone and benzaldehyde 
is in accord with the postulated d ‘nce in the inductive and steric effects of the 


methyl ¢ 


1roup as compared 
The enthalpy of activatior ise \ kcal/n > from acetone to aceto- 
phenone, and increases a further 1-4 : 101e enzophenone he reactive 
benzaldeh 
The ic a vation are aiso if restin he alu *u. for 
acetone 1¢ magnitude to be expected for a bimolecular reaction. The 
ntroduction of a single phenyl group in acetophenone and benzaldehyde results 
n a somewhat smaller decrease in entropy of activatior ile the two phenyl groups 
benzophenone result in a further decrease 
an be rationalized in terms of the proposed interpretation 
pheny! group 


Olecule 


n 
it 


nsition state. the partial transfer of a hydride ion from 


of the carbonyl group should reduce the 


possibilitic hi nce int ys and greatly modify the geometry of 


the organic 


4 
218 
ae 218 
ian 
: 
0) Re I \H \S 
Mole ite (0) KCal/mok KCal/ Mole 
Acetone 140) 4-59 2.2 39-] 
a Acetophenone 2-05 0-136 12:2 6°10 11-7 32-4 ' 
ay Benzaldehvde $3.3 §-97 14-2 
Benzophenone 1-87 0-124 7-18 13°] 
Caiculated trom data at lower temperatures 
ana the cardonyi favor a Coplanar Conhguration for the 
CH CH. 
A 
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In other words, the restriction to free rotation caused by resonance interactions 


of one or two pheny! groups with the carbonyl group should largely disappear in 


the transition state. Thus the difference in entropies of activation for the reactions 


must largely reflect the differences in the entropies of the carbonyl derivatives. 


rhe simple kinetics and large structural effects observed in this study appear 


highly promising for the objectives of the present investigation. The results en- 


couraged the application of the reaction to the examination of structural effects in a 


number of related derivatives with structural features of Importance to current 


theoretical problems. An examination of the reaction of sodium borohydride with 


cyclic ketones is reported in the following publication. 


EXPERIMENTAL 


Materials. Sodium borohydride was carefully purified by recrystallization from 


[he product was analysed for active hydrogen by the iodate method, for 


diglyme 


sodium by titration (as sodium hydroxide) with standard acid and for boron by 


titration (as boric acid) with sodium hydroxide in the presence of mannitol. The 


analysis indicated the composition Nay, .oo9 Bi With a purity of 99-9 per cent 


based upon the weight of samples taken 


Isopropyl alcohol was dried over Drierite and distilled through a packed column, 


b.p. 81-6-81-7° at 743 mm, nj)’ 1-3772 
Benzophenone was recrystallized from ethanol. It exhibited m p. 48-1 The re- 


maining carbonyl derivatives were dried over Drierite and distilled through a packed 


column. Fractions of constant boiling point and refractive index were utilized. The 


products exhibited the following properties: acetone, b.p. 55-9-56-0° at 743 mm, 


~ 


mj, 1:3589; acetophenone, b.p. 82-7-82-8° at 12 mm, nz’ 1-5342: benzaldehyde, b.p. 


62-0—62:1° at 10 mm, distilled and handled under nitrogen 


Rate measurements. Standardized solutions of sodium borohydride and of the 


carbonyl component in isopropyl alcohol were prepared. A known volume of the 


sodium borohydride solution (75 or 100 ml) was placed in a reaction flask with a 


long narrow neck, immersed in the constant temperature bath. A known volume 


of the ketone solution, at reaciion temperature, was added to the borohydr ide solution 


with vigorous mixing. At intervals 10 ml portions of the reaction mixture were with- 


drawn, added to a large excess of 0-1 N potassium iodate solution (25 or 50 ml) 


containing 2 g of potassium iodide, followed by 10 ml of 5 .N sulfuric acid. The 


liberated iodine was titrated with 0-1 N sodium thiosulfate. 


2°303 h(a 4x) 
As previously mentioned, plots of — log —— against time gave straight 


lines passing through the origin for acetone (Fig. 1) and the other ketones. However, 


in the case of benzaldehyde, the reaction proved to be so fast that this procedure 


yielded erratic results. The procedure was therefore modified 


A small thin glass bulb containing 5-00 ml of benzaldehyde solution was placed 


in a large test tube and 10 ml of the sodium borohydride solution was added. The 


tube was brought to reaction temperature and the reaction initiated by crushing the 


bulb and vigorously shaking the tube and its contents in the constant temperature 


bath. After a suitable reaction time (30 sec for the first measurement). potassium 


1odate-potassium iodide solution, and then sulfuric acid were added directly to the 


ag 
4 
. 
> 
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test tube and the entire solution titrated for iodine as in the usual procedure. Ap- 
proximately 10 individual measurements were made for each determination of the 
rate constant. Typical data are shown in Fig. 3 


\ 


Usually the second order plots passed through the origin (Fig. 1). However 


the case of benzaldehyde and other carbony! compounds which react very rapidly 


small intercepts are observed (Fig. 3). The reaction of sodium borohydride with 
carbonyl derivatives proceeds considerably faster in water than in isopropyl alcohol 


(observations of Dr. K. Ichikawa). In the analytical procedure the sample ts added 


to potassium iodate-potassium iodide solution and the reaction is halted by adding 
sulfuric acid. There is a short interval of time. approximately 30 sec, between the 
mixing of the sample and the iodate solution and the destruction of the borohydride 


by the iodine liberated by the sulfuric acid. It is believed that the intercept arises 


from a small amount of reaction between the borohydride and the carbonyl! com- 
ponent in this brief interval 


NX 
: 
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THE EFFECT OF RING SIZE ON THE RATE OF REACTION OF THE 
CYCLANONES WITH SODIUM BOROHYDRIDE 


HERBERT C. BROWN and K. ICHIKAWA* 
Department of Chemistry, Purdue University, Lafayette, Indiana, U.S.A. 


Abstract—The rates of reaction of sodium borohydride with a number of cyclanones (4-, 5-, 6-, 7-, 8-, 
9-, 10-, 11-, 12-, 13-, 15-, and 17-ring members) were determined at several temperatures in order to 


ascertain the effect of ring size on the reactivity of the carbony! group Cyclobutanone is the most 


reactive of the ketones examined, followed closely by cyc/ohexanone. Cyc lopentanone is considerably 


less reactive, followed a sharp drop in reactivity in the 7-, 8-, 9-, and 10-ring derivatives. The rate 
I 


reaches a minimum in the 10-ring and then increases with the larger rings to the value exhibited by the 
open-chain derivative, di-n-hexylketone The trends in reactivity are very similar to those observed 
in the equilibrium constants for cyanohydrin formation and in other reactions of ring derivatives. The 


results agree with the predicted effects of ring size on the magnitude of the internal strains (I-strain). 


THE reactivities of ring compounds exhibit a remarkable dependence upon the size of 


the rings.’ This dependence of the reactivity upon the size of the ring has been 


attributed to the changes in internal strain accompanying the formation or breaking of 
a bond to the ring atom in the rate-determining stage.° 

According to this proposal, opposite effects of ring size should be observed in 
reactions involving the breaking of a bond, such as in the acetolysis of tosylates, and in 


reactions involving the making of a bond, such as in the reduction of ketones. 


OBH, 


Data on the effect of ring size on the rate of solvolysis of cyclanyl tosylates are now 


available.*:? However, rate data for the reactions of ketones are available only for the 
* Post-doctorate research assistant, 1954-1956, on Contract DA-33-008-ORD-992. supported by the 
Office of Ordnance Research, U.S. Army 
'YV, Prelog J. Chem. Soc. 420 (1950) 
J. D. Roberts and V. C. Chambers J. Amer. Chem. Soc. 73, 5034 (1951) 
H. C. Brown, R. S. Fletcher, and R. B. Johannesen /J/bid. 73, 212 (1951) 
‘ H. C. Brown and M. Borkowski /bid. 74, 1894 (1952) 
+P. D. Bartlett Bull. Soc. Chim. C100 (1951) 
® R. Heck and V. Prelog Helv. Chim. Acta. 38, 1541 (1955) 
7H. C. Brown and G. Ham J. Amer. Chem. Soc. 78, 2735 (1956). 
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TABLE | Ratt CONSTANTS AND DERIVED DATA FOR THE REACTION OF THE CYCLANONES WITH SODIUM 


BOROHYDRIDE IN ISOPROPYL ALCOHOL SOLUTION 


i 
22? 
--- 
(CH,),., CO CPO (ke (kea 
‘ ) mo ) mol ) 
4-4 11-3 41. 
10 12+ 43-5 
4 11-8 4-7 39-2 
10-8 
10-7 4-4 10? 40-5 
AC i 
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5- and 6-membered rings.” The reaction of sodium borohydride with aldehydes and 
ketones is a kinetically simple reaction which promises to be of considerable utility in 
examining the reactivity of these compounds.” It appeared desirable therefore. to 
undertake a detailed study of the rates of reaction of sodium borohydride with a wide 
range of cyclic ketones 
RESULTS 

The cyclanones (4-, 5-, 6-, 7-, 8-. 9-. 10-, 12-, 13-, 15- and 17-ring members) 
were either commercially available products or were synthesized by recognized 
literature procedures. In each case the compounds were carefully purified prior to use. 
he rates of reaction were run in is propyl! alcohol solution by the procedure prev 1ously 
described 

For comparison of the rates observed for the large rings with those anticipated for 
related open-chain structures, di-n-hexy! ketone was included in the Study 


The results are summarized in Table | 


DISCUSSION 


To facilitate ready comparison, the rate constants at 0° for the borohydride 


reduction reaction are listed 


le data lor the solvolysis ol 


the I-chloro-l-methyleyc/oalkanes.‘t vi tosylate and the dissociation of the 


cyclic cyanohydrins! are also included 
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It was previously suggested that the ym with 


it the SOrvolys 


cor 


is converted into 


hexane all of t! e carbon to-hvdro ron bonds ure nicely 
effects, whereas in cyc/ohexanone both the 


s unfavorable ha carbon-to-hydrogen bonds are in partial 
to-oxygen bond These considerations lead to the conclusion 


nation number from 4 to 3 should be favored in the 5- and 


» converse should be true for 


opposit ontot 

that changes in co ord 
7-rine and resisted in the 6-ring systems, whereas the 
In confirmation of 


reactions involving changes in co-ordination number from jto 4 
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It is of interest to explore the exception, the solvolysis of the |-chloro-1-methylcyclanes, 
where the maximum in rate appears at the 8-ring compound 
Examination of molecular models of the medium rings suggest that compression of 


van der Waals radii may be involved in the internal strain as well as the bond opposition 
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forces. On this basis, the introduction of both a methy! group and a chlorine atom or 
the same carbon atom of a given cyclane molecule may be expected to alter both tne 
internal compressions and the bond opposition forces. There is no reason to expect 
that both these forces will be equally affected, and the relative magnitude of each effect 
mav vary considerably with the size of the ring and the steric requirements of the 


substituents 


2 
4 
: 
= 
/\ A } 
Sef 
a 

‘ge 


The effect of ring size on the rate of reaction of the cyclanones with sodium borohydride 


It would appear that the larger the ring the greater should be its possibilities for 
modifying its conformation and minimizing the magnitude of the atomic compressions. 
The maximum observed in the solvolysis of 1-chloro-1-methylcyc/o-octane may there- 
fore be attributed to relatively large strains arising from the conflicting steric require- 
ments of the two substituents and the ring hydrogen atoms, superimposed upon the 
usual bond opposition forces. These atomic compressions are presumably also 
present in the 10- and 9-ring derivatives, but are reduced to a greater extent than in the 
smaller ring by modification of the conformation. ¢ onceivably, the maximum in rate 
could be shifted down as far as the 7-ring, or even further, by a suitable increase of the 


Steric requirements of the substituents 


In general, linear free-energy relationships, such as those pointed out by Hammett 


for? a and para aromatic derivatives. are rarely e! untel i! ner ant e rigid 
aromatic systems. TI! compounds 


(Figs. 1-4), encourag 
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The two reactions under comparison must have signifi- 


related aliphatic compounds 
cantly different steric requirements, so that the deviations are not unexpected. 
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reaction of the cyclanones with borohydride may have important consequences 
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various systems has been rendered difficult by the transient nature of these carbonium 
10Ns. 


Conceivably, the carbonyl derivatives may provide relatively stable models of 
carbonium ions of related structures 


For example, we have attributed the high rate of solvolysis of cyclodecyl tosylate 


to relief of internal strain accompanying the ionization. On the other hand, the 
alternative possibility that the high rate 1s due to the formation of a relatively stable 


**non-classical”’ vclodecyl cation has been considered.‘ 


(CH,), 
(CH.,), 


(CH,), OTs 
(CH,), 


Such a structure would, of course. provide a reasonable explanation for the facile 
transannular hydride shifts which are observed in this ring system.! 

However, from Fig. 6 it appears that the high rate of solvolysis of « velodecy| 
tosylate is not out of line with the low reactivity of cyclodecanone. Since “‘non- 
classical”’ structures for this cyclic ketone are of questionable importance, it does not 
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appear desirable in the absence of additional evidence to attribute the high reactivity of 


cyvclodecy| tosylate to this type of stabilization of the cyvc/odecyl cation 

We are presently investigating this experimental approach, utilizing the carbonyl 
compounds as models for related carbonium ions, in the hope of attaining a more 
complete understanding of the factors influencing the rates of formation and the 


tabilitvy of carbonium ions 


EXPERIMENTAL PART 


Vaterials. The purifications of isopropyl alcohol and sodium borohydride have 
been described previously.” The carbonyl compour ds were either commercial samples, 


carefully purified, or were synthesized by standard procedures. The physical properties 


of the cyclic ketones used in the rate measurements are summarized in Table 3 
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Abstract—The preparation and purification of the nine benzene carboxylic acids giving solid, neutral 


methyl! esters and ¢ nese esters are Gescribde By aci ivdrolysis Of these esters the corresponding 


benzene carboxylic is are pe lina hig tate Of purity al uantitative vields The pur ues 
of the acids whi a I nit ung-} nts I ren to material balances 
Corrected 


icised in the 


the present results 


INTRODUCTION 


BENZENE carboxylic acids appear frequently in structural studies as degradation 


products from the oxidation of many aromatic substances, both natural and synthetic 
It is well known, for example, that oxidation of coals, lignins, rosin, and similar 
materials results in the production of mixtures of these acids.'= Although the struc- 


tures of these acids were definitely established at an early date has been some 


confusion between tl -and |-2-3-5-isomers. Baeyer, who discovered 


these iwoa 


ondon 
r the esters. Data in the literature are also examined and 
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of 2-3N hydrochloric acid in a 250 ml round bottom, necked flask, amounts of about 
0-3-0-6 g of the purified esters, exactly weighed to the nearest 0-1 mg, were added, 
and the mixture boiled gently under reflux for 24 hr. Prior to removing the condenser, 
this was washed internally with small portions of distilled water. The contents of the 
flask were filtered quantitatively to a weighed 150 ml beaker The flask was washed 
several times with small amounts of hot distilled water and the washings added to 
the beaker Ihe hydrochloric acid was removed on the steam bath. with addition 
of small portions of water to prevent concentration Alter evaporation to dryness, 
the beaker and its content were dried to constant weight at 105°C and the amount 
of acid determined No special precautions had 1 be taken and the acids were 
further puri by several recrystallisations from water or | : | hydrochloric acid 


re acids are shown in Table 


1 tl puri ters were calculated 
iron » ncorrected ones Dy } a | ne mul K.n. (7 f ) 


Uncorrect and corrected m. we ‘rmine n the purified samples and are 


shown in Table 3. The m p.s observed are general somewhat higher than those 


previously reported (Table 1). In particul h the 1-2-3-5-ester was raised 


from 107 to 115°6—-116°4 (cor.). conti ling n ‘rvauions ol Read ind 
Purves'® who quoted 111-116 Comparison ie n benzoic acid (compare 


B. Hersberg 
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Tapte 2. Mim ROANALYSES ¢ HE URIFI BENZENE CARBOXYLIC ACIDS 
Ack Este 
Comp. Carbor H Carb Hydrogen 
Cale Cak Four Calc Four Cak Found 
2-3 4 §7-14 ) 4-80 4-79 
« 61.28 7-95 $7.14 4-80 4:74 
2-3-4 47-26 47-29 2-38 )-44 $4:20 4-55 4-58 
Penta 44-3 44-21 2-03 §2-18 §2-21 4-38 +34 
\ 
; [hese were determined in a modified Hershberg apparatus.'2 The apparatus was 
3 provided with a mechanical stirrer mounted on a ball-bearing assembly to keep the | 
liquid moving at a rapid rate and with a Bureau of Standards. certified. total-immer- 
Engng. Chem. (Anal.) 8, 312 (1936) 
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this with most exact values reported in Table 1) and the esters suggests that the lower 
temperatures starting the melting ranges found for the latter may possibly be the 
absolute m p.s of these esters 


TaBLe 3. M.P.s oF 1 LID, NEUTRAL METHY! 


100-9—-101 -4 


143-3-144-0 


129-6-130°3 


already indicated the carboxylic acids studied have no true 


It is therefore impossible purity or to follow their purification 


lisation, ting characteristics 


he hydrolyses of eight of the nine esters are 


shown. Due to the low so lit f th ‘rephthalic ac the amount of ester 
hydrolysed was too small to perm 


per the hydrolysis was otherwise 


normal Although it was difficult to at first the hydrolysis of insoluble 


esters with m.p.s higher 


than the temperatures of boiling of the aqueous solutions, 


in practice the method developed worked out satisfactorily. Hydrolyses were com- 


plete, no side reactions, such as decarboxylation, were found and no impurities are 


: 
M.p., C (uncorr.) M.p., “C (corr.) 
}-3 67-6-68:1 
1-4 139-1-139-9 141-0-141-8 
. }-2-3 101-6—102:1 
145-3-146:°0 
1-2-3-4 131-1-131-8 
|-2-3-5 114-5-115-3 115-6-116-4 
141.7 149.< 142 ‘ 
}-2-4-5 4 142-5 143-¢ 44-4 
Penta 147-8-148-6 149-8-150-6 
Benzoic ack 121-2-121-9 122-4-123-1 
ae i Bureau of Standards certified benzoic acid, for comparison 
\ 
by cryst a | 
In Table 4, material balances: 
a TAR 4. BALANCES oF HE HYDROLYSES 
Acid 
Acid sed 
Calc Recoy 
}-3 02628 0-2248 00-2248 
}-2-3 ()-4419 ()- 3687 ‘ 
1.3.4 54665 0-4720 00-4718 
]-2-3-4 0-3370 0-276! 0-2759 
1-2-3. O-3118 0-2554 0-2549 
2-4-§ ()-488¢ 0-489? 
Penta 0:9275 0-7509 0-7504 : 
0-549? 0-4408 0-4404 
Prep 
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introduced. On examination of Table 4, it is easily seen that the differences between 
the amounts of acid calculated and recovered are very small and the mean deviation 
for the eight cases is only +-0-08°., referred to calc. acid 

Microanalyses of both the purified acids and esters are shown in Table 2. These 
analyses were performed by an independent laboratory. An examination of the 
elementary analyses of carbon and hydrogen of eighteen closely related compounds, 
shows that values found for both carbon and hydrogen are within +-0-08°, of the 
calc. ones, except carbon for mellitic ester and hydrogen for pyromellitic acid 
which deviate, respectively, by O-11 and 0-15 Mean deviations among the 
values found and calculated are: Esters: C, +0-046°. and H. —-0-037° : Acids: 
C, +-0-057°, and H, +-0-046°.. giving an overall mean deviation of about +0-05 
These statistical results point to a high degree of purity of the esters and acids pre- 
pared, particu arly, when they are considered in conjunction with the results of the 
hydrolyses and with the m p.s found. In addition to these quantitative checks, the 
purified products were further examined qualitatively for impurities by means of the 
polarizing and stereoscopic microscopes. No impurities were found. On the basis 
of method used, of experimental results, and of the foregoing discussion it is believed 
that the prepared samples of the above nine acids and their esters are of a high purity, 
of the order of 99-5-99-9 

Some errors have appeared in the literature in connection with the 1-2-3-4- and 
1-2-3-5-benzene carboxylic acids. Huntress and Mulliken"™ describe the |-2-3-4- 
benzene tetracarboxylic acid as having a hydrate. This acid does not form any 


hydrate; it is the 1-2-3-5-isomer which gives a hvdrate.* so that the four hydrates 


of this series of acids are those of the 1-2-3, 1-2-3-5. 1-2-4-5 and penta compounds 
If other hydrates, such as a mono attributed to the 1-3-5-acid. exist they must be very 
unstable under normal conditions. This was checked by several means including 
infra-red and X-ray work. The benzene pentacarboxylic hydrate is a pentahydrate; 
the other three are dihydrates. The stability of these hydrates, except that of the 
pyromellitic acid and to some extent that of the hemimellitic acid. is low. It is therefore 
Strongly recommended that the acids be examined in an anhydrous condition, except 
the pyromellitic acid which is difficult to dehydrate. Smith and Carlson’ and more 
recently Read and Purves'® have pointed out that the neutral, methyl ester of |-2-3-4- 
benzene carboxylic acid or the acid itself develop a purple colour when exposed to 


light. This property has also been mentioned by Huntress and Mulliken.™ Highly 


purified samples of this acid and its ester prepared from coal have been exposed to 


light for several years by the author without developing a purple colour. The change 
in colour observed by those workers mav probably be caused by some impurity 
being produced in their particular synthesis and which is difficult to eliminate on 


pur incation 
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ABSOLUTE CONFIGURATIONS OF EPERUIC 
AND LABDANOLIC ACIDS 
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Abstract—A comparison of the rotatory dispersion curves of appropriate nor-ketones of the eperuic 
acid and idbdanolic acid series ith those of derivatives of onocerin and manoo!l establishes the 


absolute configurations of these diterpene ack 


KING and Jones have recently presented evidence that the diterpene eperuic acid 


possesses structure (la). No stereochemistry was assigned but it was pointed out 
by these authors that one of their degradation products (m.p. 134-135>, [x] 29-9) 
appeared to be isomeric with an acid (m.p. 136-137 , [x] 33°) of the same structure 
(Ila) derived from ambrein Ihe tentative inference could be drawn that these two 


compounds were if fact ant nodes 
Shortly thereafter, Cocker and Halsall* established structure (Illa) for the 
diter pene labd; lic acid and related it to the ambrein degradation acid (Ila) The 


identity of the two specimens, notably the sign of rotation, proved the absolute con- 


hfguration of labdanolic acid as implied by expression (Illa) since ambrein has been 
related to manoo and thence to the steroids aD yceraldehvde Cocker and 
Halsall* have pointed out that there exists on the whole a remarkable similarity 
betwee! the physical constants Of various epe»ruic and labdanolic acid derivatives 
except for the tact that the rotations were rid ol Opposite sigi Ihe tentative 
conciusion was reached that these two acids are ant podcs n so far as rings A and 
B are Conce ed 

Wi e there are a tew exan pics know! among tne lowe! terpenes where both 
antipodes exist in irc. as never been observed in the di- and tri terpene 
series ull of then POSsess ine § ne adsolute hguration (with respect to tne 
( 10 angular met ine st¢ ds the fact t it rotator disper 
sion measurements have ied us to propose® that the diterpene cafestol may bel ‘to 
the ant podal series, it was decided to apply our rotatory dispersion approach to the 
eperu c-ladDdanolic acid probier 

The rotatory dispersion curve of the keto ester (IIIb)' derived from labdanolic 


acid (Illa) should de Characterized DY a strong ne itive singi< Cotton-efl ct curve 
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Absolute configurations of eperuic and labdanolic acids 


H OH 
(a)R= —CH; (a)R= CH, R' =H 
(b) R=O (b)R=O R'=CH, 


similar to that exhibited by friedelin® and the mirror image of that of a 2-keto-5z- 


steroid.” That this is indeed the case is illustrated in Fig. | for the ester (IIIb) 
in dioxane (c. 0-094), 25°: [ox 
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S16 it has been shown, tha rearrangements in radi- 


Using different procedures 
cals by the migration of hydrogen from the adiacent carbon atom are impossible, 


whilst those due to the migration of hydrogen from carbon atoms situated at a great 


distance appeal to take piac 
Decarbonvlation of 5-n vl hexanal results in a rearrangement."’ which 


is represented by scheme 4 


The procedures emy 


their structures are. bi 
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or 
CCiLCBr=CH { 
i ~ CCL =CBrCH,C 
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As starting compound for 1,1,1-trichloro-2-bromopropene we used 1,1,1-trichloro- 


U.idihroman mane b ned b 
-,9-dibromopropane, obtained by the action of bromine on 1,1,1-trichloropropene in 
acetic acid m 

bromopropane being act by potassium hydroxide in 


1. >} 
.1-trichloro-2-bromopropene, product, according to 


ympoun t o-2-bromopropen 


cK 


C,H,CH,CB: 


tne tol wing s heme 
KOH 
CCi,CHBrCH,B > CCi,CBr—CH 
following scheme & 
KOH 
cc CHCH.C! Br, —- CCI,BrCHBrCH,c > CC CBrCH,C (8 
The s ctlure sound IV Was asce ed Dv the VOTOLVSIS W I ric acid 
| erse a 
C CCICH,.C >CC -CICH,B 9 
The t sromopropenes I. II and III. prod by isor sat r- 
Gil to scheme epend we ‘ schemes & were identined 
CC CCICH,Br + (C.H.).NH —- CC CCICH.N(C.H CCICH.N(C.H.),.HC 
Hydrochloride VI did not reveal ; depression of the melting point nixing 
Une is aiso to menti the following al mace in the co OT LAIS WOTK 
; Iwo of the present authors and V. I. First ive reported on the b nation of 
R.A I Vv. N. Kos A. N. Nesme \ 322 
4. N. Nes R. A { \ \ 
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were led to suggest that depending on the reaction conditions, bromination of 1,1,1- 


trichloropropene could proceed both 
and with rearrangement (homolytic a 


CCI,CH=CH, + Br 


CCI,CHCICH,Br + Br 


without rearrangement (electrophilic addition) 


ddition). 
CCI,CHCH,Br CCI,CHCICH,Br 


» CCI.BrCHCICH,Br + Br 


The elucidation of this point seemed to be of particular importance as the reaction 


of bromine addition to unsaturated c« 


structure and identification of unsatu 


Keeping this in mind we have undertaken th 


1.1, 1-trichloropropenc, the following 
In media, favouring ionic additior 


HBr. the reaction between 1|.1.1-trich 


ympounds is frequently used for ascertaining the 
rated compounds 


e investigation of the bromination of 


results having been obtained 


1, e.g. In acetic acid or ether in the presence of 


loropropene and bromine runs unambiguously, 


to form 1,1.1-trichloro-2 3-dibromopropane. When acting with nitric acid on pure, 
1.1, 1-trichloro-2,3-dibromopropane we obtained only a neutral substance containing 
nitrogen, whose analysis showed it to correspond to a nitrate of the composition 
C.H.CIL.BrNO 

With potassium hydroxide in ethylcellosolve 1,1,1-trichloro-2,3-dibromopropane 
forms, as already mentioned, 1|,1,1-trichloro-2-bromopropene, which in turn, reacts 
with diethylamine, yielding, as a sole product CCI CBrCH,N(C,H,),. 

Wher the reaction ried out in chloroforn the reaction mix! e ber exposed 
to electric light (150 W), a mixture is formed which cannot be separated by distillatio 
whicl seems tO CONsist of trichloro-2 3-d opropal and | | )-tric loro 3. 
dibromopropane. This mixture r bee drolysed wit! tric acid (sp. gr. 1-52) 
we 1solated chloro-)-bromopropionic acid 20 per cent vield. On treating the 
mixture wit! potas cel e of bromotric! loro 
propenes was obtained, whic e succeeded separatin nto the diethvlamine 
det 

KOH ; CCLCBr H ) HN(C.H 
CCI,BrCHCICH,Br | | CCI,BrCCi—CH 
cc ae -CICH,N(C.H.) 

T he eld of ? chioro-|! 3-d Dromoprop: eis still | ner when bromu 
iS Carried out in carbon tetrachloride solution. and heatin the presence of benzov!l 
peroxide 

EXPERIMENTAI 

1.1.1-7richloro-2,3-dibromopropane To a solution of 1,1 |-trichloropropene (21 g) 
in glacial acetic acid (20 cc), a solution of bromine (24 g) in 30 ml of acetic acid was 
added in small portions. After the reaction was complete, the mixture was diluted with 
water. The dibromide, which separated was extracted, washed with water, then with 


aqueous sodium carbonate, again with 


Distillation gave 
theory), b.p.69°/2 mm; 1°5630; 
solution of 1.1. 1-trichloro-2.3-d 


(sp. gr. 1-52) was refluxed for 20 min 


and a neutral substance (12 ¢) contai 


water and dried (calcium chloride) 


-dibromopropa 


1751(Found 


Yield 36 2 (80 per cent of 
MR, 45-58. Calc. MR, 46-18) 


yropane (15g) in 35cc of nitric acid 


The reaction gave only traces of acidic material 


1-5240: 


ibromo 


ning nitrogen, b.p. 79-80°/2mm; a” 


: 
2 
a 
4 
fe 
7 
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d;" 1,9115 (Found: C 12°63; 12-57; H 1-11; 0-89; N 4-33, 4-44. C,H,Cl,BrNO, 
requires C 12-54, H 1-05, N 4-09 per cent). 
|,1,1-Trichloro-2-bromopropene To 1,1,1-trichloro-2,3-dibromopropane (48 g) 
with cooling and stirring a solution of potassium hydroxide (10 g) in 75 ce of ethy!l- 
cellosolve was added dropwise with stirring for 3 hr. After diluting with water the oil 
which separated was extracted, washed with water and dried over sodium sulphate. 
Distillation gave 1,1,1-trichloro-2-bromopropene. Yield 25 g (71 per cent of theory), 
b.p, 57-58°/15 mm; wy) 1-5323; dj” 18493 (Found: MR, 37-52. Cale. MR, 37-95). 
Heating trichlorobromopropene (10 g) with diethylamine (8-5 g) in methyl alcohol 
(50 cc) on the water-bath for 4 hr gave CCl, = CBrCH, N/C,H;/,. Yield 9 g(77 per 
cent of theory); b.p. 59°/1 mm; aj)’ 1-5079, d7" 1-4060 (Found: MR, 55-33. Calc. for 
MR, 55-50). 
(Found: C, 32-35, 32-39; H,4:79,4-81; N,5-43,5-26. C,H, .Cl,BrN requires C, 32-21; 
H, 4:63; N, 5:36 per cent.) Hydrochloride: m.p. 144-145" (from benzene and 
chloroform) 
(Found: C, 28-64, 28-58; H, 4°65, 4-58. C,H,,Cl,BrN requires C, 28-26; H, 4-45 
per cent.) 
Heating 1,1,1-trichloro-2-bromopropene (15 g) with 50 cc of benzene in presence of 
aluminiumchloride (0-5 g) gave C,H;CH,CBr = CCl,. Yield 14g (78 per cent of 
theory); b.p. 97-98°/2 mm; 1-5840; 15566; (Found: MR, 57-19. Calc. MR, 
57-19). (Found: C, 40-80, 40-93; H, 2°56, 2°64. C,H,Cl,Br requires C, 40-64; 


H, 2°65.) 


Isomerisation of 1,1,1-Trichloro-2-bromopropene 

(a) Allylic rearrangement in the presence of SbC/.. To 1,1,1-trichloro-2-bromo- 
propene (10 g) SbCl, (0-2 g) was added with cooling. After two hours at room tem- 
perature the mixture was washed with dilute hydrochloric acid, then with water and 
dried over calcium chloride. Distillation gave 1,1,3-trichloro-2-bromopropene-|! 
Yield 7,5 g b.p. 81-82°/21 mm; mj,’ 1°5522; dj” 18954 (Found: MR, 37-83. Calc 
MR, 37-95) with properties identical to those of trichlorobromopropene, produced by 
dehydrobromination of CCI,BrCHBrCH,Cl (see below) 

With benzene in the presence of aluminium chloride 1,1,3-trichloride-2-bromo- 
propene-! gives |,1-dichloro-2-bromo-3-phenylpropene-1 in good yield, b.p. 97-98 
mm; n;,” 1-5840; dj” 1-5566, identical to dichlorobromophenylpropene obtained by 
condensation of 1,1,1-trichloro-2-bromopropene with benzene (see above). 

With diethylamine in methyl alcohol solution CCl, = CBrCH,N/C,H;/, was 
obtained, b.p. 61-62°/1-5 mm; 1-5085; 1-4068; hydrochloride: m.p. 144-145". 
rhe mixed melting point with the hydrochloride produced by treating 1,1,1-trichloro- 
2-bromopropene with diethylamine (see above) and following the scheme: 
CCI,BrCHBr—CH, C1 _*°") CCl,—CBr—CH,Cl 
HCI (see above) showed no depression. 

(b) Homolytic isomerisation. When exposed to ultra-violet light, 1,1,1-trichloro- 
2-bromopropene, isomerises completely into |,1,2-trichloro-3-bromopropene-1, b.p. 
78-79°/19 mm; n=” 1-5550; dz” 1-8835; (Found: MR, 38-23. Cale. MR, 37-95). 
(Found: C, 15-80, 15-72; H, 0-85, 0-82 C,H,Cl,Br requires C, 16°06; H, 0-89 per cent.) 

The structure of 1,1,2-trichloro-3-bromopropene-| was ascertained by converting 
it on treatment with diethylamine into 1,1,2-trichloro-3-diethylaminopropene-|, b.p. 


44 
. 
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68°/2:5 mm, 14885; dz" 1-1910; lit.’® b.p. 72°/3 mm, 1-4888; 1-1922. The 
mixed melting point of the hydrochloride of this amine with the hydrochloride of an 
authentic specimen of 1,1,2-trichloro-3-diethylaminopropene-| showed no depression 

| ,1,2-trichloro-3-bromopropene-| was also obtained by treating sodium bromide 
in acetone with 1,1,2,3-tetrachloropropene-! and had the following constants: b.p 


79-80°/20 mm; 1-5550; 1-8820 


lo a solution of 1,1,3-trichloropropene-| (43 g) in chloroform (50 cc) a solution of 
bromine (48 g) in chloroform (50 cc) was added gradually. After the reaction was 
complete, chloroform was removed and the residue distilled in a vacuum. 1,1,3- 
trichloro-!,2-dibromopropane was obtained. Yield 85 ¢ (94 per cent of theory) 
m,, 1°5678; dz 2-1874 (Found: MR, 45-64. Calc. MR, 46-18) 

(Found , 11-71, 11-60; H, 0-98, 0-96. C,H,CI,Br, requires C, 11-80; H, 0-99 
per cent.) 

A solution of trichlorodibromopropane (15 g) in nitric acid (30 cc sp. gr. 1-52) was 
first heated gently until the violent reaction had subsided, and then refluxed for 30 min 
After dilution with water the mixture was repeatedly extracted with chloroform. The 
chloroform extracts were washed with aqueous sodium carbonate to remove acidic 
products 

After acidification of the sodium carbonate washings. the acid obtained was 
extracted with chloroform and dried (calcium chloride). Distillation gave x-bromo- 


chloropropionic acid. Yield 7:2 g (76 per cent of theory); b.p. 125-126°/15 mm: 


ry) p 43.44 m.p 43 


When treated with alcoholic solution of potassium hydroxide it gave x-bromo- 


rvlic acid. m p. 68-69" lit." m.p. 69 
Joro-2-bromopropene-| was prepared by dehydrobromination of 1,1,3- 
dibromopropane (70 g) carried out similarly to the dehydrobromination 
chloro-2 3-dibromopropane Purification through a column, gave 


Calc. MR, 37-95). (Found . 15°82, 16°00; H, 0-88 


16°06: H. O-R9 per cent.) 


-trichloro-2-bromopropene-!. Yield 22 g, b.p. 81-82°/21 mm; 1-5522: 


bre MOPrope ne was also obtained y ield | 3 - b p 
22-1957 (Found: MR, 41-00. Calc. MR. 40-85) 
0-73, 0-75. C,H,CI,Br, requires C, 13-40; H, 0-75 


propene as well as of dichlorodibromopropene with 
diethvlamine in methvl a ol tl resulted in 


iminopropene-| 1-5079: 1-4060 (Found MR, 55-33. Calc 


MR, 55-50); hydrochloride: m.p. 144-145° (from benzene and chloroform) 


Reaction « |.l-trichioropropene with bromine in chloroform 

lo a solution of trichloropropene (36 g) in chloroform (50 cc) a solution of bromine 
(40 g) in chloroform (30 cc) was added in portions, with stirring and exposure to 
electric light (150 w). After removal of the solvent, the residue was distilled in a 
vacuum, yielding a mixture of dibromides the structureCCl, CHBr—CH,Br and 


L.H 


; 
7 
ac 
t! 
ol 
| 8955 (Found: MR, 37-33, SS 
0-77. CjH,CI,Br requires C, 
In add von dichiorod 
(Found: C, 13-28, 13-40; ‘i 
per cen t.) 
enry Ber. Dtsch. Chem. Ges (1874) 
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CCl,BrCHCl—CH,Br, b.p. 61-62°/1 mm; 1:5637; dj” 2-1756. Yield 65 g (85 
per cent of theory). 

Treatment of trichlorodibromopropenes produced (15 g) with nitric acid (35 cc, 
sp. gr. 1-52) as described above for 1,1,3-trichloro-1,2-dibromopropane gave «-chloro- 
}-bromopropionic acid. Yield 2g; b.p. 134-136°/21 mm. Dehydrobromination of 
the latter with potassium hydroxide gave rise to x-chloroacrylic acid, m.p. 64-65", in a 
good yield, lit.*° m.p. 65°. 

Neutral products. Yield 6-5 g, b.p. 79-80°/2 mm; n;,’ 1-5260. 

Dehydrobromination of dibromotrichloropropanes (48 g) with potassium hydrox- 
ide (10 g) in ethylcellosolve (75 cc) yielded a mixture of trichlorobromopropenes. 
: When distilled it gave the following fractions :* 

(1) 48-49°/9 mm; nj 1°5340; 18517. Yield 19 ¢ 

(II) 49-60°/9 mm; Yield 6 
a Residue: Yield 9 g 
Pe Fraction | appears to be a mixture of CCI],CBr = CH, and CCI,BrCCl == CHg, as 

ke being treated with diethylamine in methyl alcohol solution, it gave rise to CCl, 
CCI — CH,N(C,H;)o, yield 3-8 g; b.p. 61-62°/2 mm; n° 11-4890; dz" 1-:1980; hydro- 
chloride: m.p. 168-169", lit'® 168-169" as well as to CCl, = CBrCH,N(C,H;)o, b-.p. 
68-69°/2 mm; 1°5080; 1-4060; hydrochloride: m.p. 144°. 
Fraction Il gave CCl,= CCI—CH,Br. Yield 2g, b.p. 78-79°/19mm; 
1-5550; 18834 


Bromination of 1,1,\-trichloropropene with bromine in carbon tetrachloride in the 

presence of benzoyl peroxide. Yo the boiling solution of 1,1,1-trichloropropene (45 g) 
in carbon tetrachloride (50 cc) a solution of bromine (48 g) and benzoyl peroxide 

i es (0-5 g) in carbon tetrachloride (50 cc) was added dropwise After distillation of the 
; solvent, the residue was distilled in a vacuum. The reaction product distilled almost 
entirely at 75°/3 mm; 15640; dz 2°1710 

lreatment of the product (15 g) with concentrated nitric acid (35 cc, sp. gr. 1°52) 
gave rise to «-chloro-/-bromopropionic acid, yield 3-5 g and to a neutral substance, 
vield 3-8 g: b p 79-80°/2 mm: nz 1°5245 

Dehydrobromination of trichlorodibromopropenes (45 g), following the pro- 
cedure described above, resulted in trichlorobromopropenes, yield 16 g, b.p. 49-50°/10 
mm; and in 1,1,2-trichloro-3-bromopropene, yield 3-5 g, b.p. 78-79°/19 mm; nj’ 
15550; dz 1-8834. The mixture of trichlorobromopropenes, b.p. 49-50°/10 mm was 
separated and the following derivatives obtained 


CCl, == CCl —CH,N(C,H;),, yield 7 g, b.p. 61-62°/2 mm; 1-4891; 11985; 


hydrochloride: m.p. 168-169" and CCl, == CBrCH,N(C,H;;)., yield 3 g, b.p. 68-69"/2 
mm; 15080; 1-4057; hydrochloride: m.p. 144. 
* To stabilise trichlorobromopropenes during distillation hydroquinone was added both into the still 


ang the receivers 


THERMAL TELOMERISATION Of} 
WITH OLEFINS* 


\. N. Nesmeyvanov, R. Kh. and 
Acaden of Sx ences Of the | SSR Mo 


(Received 18 Mar 


Siticon hydrides HSiCI,, HSiBr,, HSiCI,R, HSICIR,, RSiH 
double or triple bond on 
alkyl peroxides 

Reactions 


The reaction of tric 


Suggesicd to | oceed 


perfluorocyclobutane 


1 
The addition of trichlorosilas to the double bond o 


SILANES 


Hit 


KOVSAAYA 


“rfl 


to add to 


acyl and 


octhylene 


anes tron 


SSSA 106, 


Tetrahedron, 1957, \ 248-252. Pergamon Press Lid., London 
4 
C. Cm 
1957) 
: Abstract—(1) Thermal telomeris eaction of methyidict ne with et ne 260.275 and 
| CH Sit CH.CH.).H 
ind 200 atm. pressure. The res ture gave on fract ecomy is CLSWCH.CH,).H 
he action of 
¢ of a radical character 
according to the following mechanisn 
CH,COO), -- 2CH,COO: CH ae 
CH HSIC » CH SiC 
RCH..CH SiC RCHCH,SIC 
RCHCH. SiC HSIC RCH.CH-.SIC SiC 
The photochen cal tclomer! sation reaction of trichlorosila Will 
giving a mixture of products of the composition SiClL(CF.-CF.,) H where 7 VE) ' 
1 to 3 has recently been reported nd wi 1 out thermally the reaction gave 
con con pounds 
«. Burk t ci 69, 4 
L. De Pr W. Gyikev D. E. Hook J. A 69, 2916 (194 
H. Bere lech. 6, 503 (1954 
R. J. Mark I. Chem. (19% 
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and allyl cyanide in the presence of organic bases has been reported and the following 


ionic mechanism for these reactions has been suggested.'*.'* 
Cl,SiH B Ci.Si BH 
CH,=CHR + CI,Si~ CILSICH.CHR 


CLSICH.CHR BH’ .- B 


where B is an organic base, R —-CN, CH.CN. N 


Nozakura"™-" has found tetrapyridinenickel chloride to catalyse the additior of 
chlorosilane to vinvltricl orosilane, |-octene and styrol. The additio produc each 


Case iS a mixture of 2 isomers 


Thermal addition of trichlorosilane ind alikyichiorosilane to olefins it [60-400 
has also been reported,’ and ithors the ction proceeds t 
lio stat tne clectror itt 4 ico a nvyic 
H H ind ine ci ton to carod to the end juct 
resulting trom the exchange of the ch] e¢ atom with the labile droge itor yf ¢ 
It vould be reasonable to xpect that the reaction betw ind Cal 
he eflected DY telomerisat vicid a mixture of co pounds iccord ( 
MOnowing scheme 
Carrying out this reaction under pressure if $s of S appeared to f ul 
this course of the Ihe react Ons etl hniorosila a OTOS 
tricthyisilane with ethvle ing propyicne espectively in the presence of be OV! 
peroxide or tertiary Duty! peroxide at 100-140 ind 100-300 atn carried out 
Stainless steel autoclave, failed. however. a posit We ded 
carry oul telor Cl ctl inc ind ed 
with ethylene and met vidichiorosilane wit propvier ger pres 
sure, compounds H, H and CH.SICL(C H,).H 
respectively having beer Dtained 
Since dialk Vidichk rosilanes and alkvilt cnioros ines are not capadie of reac 
with olefins,” the formation of a mixture of c pounds exclude cac 
mechanism mentioned above. It is thus evident that t) e thermal reaction investigated 
S. Novak aS. Kon R Chen j 29 
N K ‘ 29 
{ 42 is 
I Che 69 4 
rc. W oR, 4 4 


CH CHR 
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by us is of a chain character The telomerisation reaction studied in the present 
investigation as well as addition reactions reported in the literature are the result of a 
cleavage of the Si—H bond, as evidenced by the absence of this bond in the compounds 


obtained (the test for the Si—H bond with potassium hydroxide in water being 
negative) The structures of the resulting methylalkyidichlorosilanes and alkyltri- 
chlorosilanes are also substantiated by the determination of the molecular refraction 
of these compounds and the formation of corresponding trimethyl derivatives by the 


Grignard reaction 


Ihe preliminary data concerning the reaction between methyldichlorosilane and 
propylene showed that the reaction is complicated: the fractional distillation of the 


mixture from the reaction gave fractions boiling over a range of 10—20° from which 


a 


methyl alkyldichlorosilanes. ” |-3, were isolated, the Structures of which were not 


investigated 


The yields, both of methylalkvidichlorosilanes and of alkyltrichlorosilanes of 


dg flere if Olecular weight exhibit a regularity characteristic Of the telomerisation 

reaction, namely, compounds with” - were obtained in a maximum yield, that of 

other compounds decreasing with increasing n. amounting for 7 > to 4-4, 5 per 


cent of the reaction products 


[he reaction of methyldichlorosilane with ethylene was carried out in a 500 cm? 
Stainless autoclave. After CH.Si( |,H(123 g) had been fed into the autoclave and air 
driven out by nitrogen, ethylene was introduced. The reaction mixture was heated up 
to 260°, pressure rising to 560 atm. The reaction was maintained at 260—270° fo ? 
hr, pressure dropping to 50 atm. After three runs the reaction products were 


collected and subjected to fractional dist llation, the overall feed an ounting to 381 ¢ 


of methyldichlorosilane yielding 499 g of reaction products. Distillation gave 51 ¢ of 
recovered methyldichlorosilane. The reaction products were fractionated in a Vigreux 
column to give pure methylalkyldichlorosilanes CH,SiCI,(CH,CH.,), H, with n l—6, 
tne properties and yields being summar sed | Table | 

Ihe reaction of trichlorosilane with ethylene was carried out at 270-285° for 
hr with the maximun pressure of 200 atn Four runs yielded 353 ¢ of reaction 


product, the overall feed of trichlorosilane being 26] g The reactior product was 


q 

by 

TABLE 2 
Sic CH.CH H 
ran Ca ‘ 
Ca 
25-3 43 4 ) 4 ‘ 8) 4-72 4-65 
0-58 
42 22 
* For SIC1L€ H Calculated ( 43°56 per cent H 67 per ce Cl 8.62 per cer 
Found ( 4 8 per cent H pe Cl S21 per cent 1 

lea 4 per cent per cent 38-03 rer cent 
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distilled on a column (15 theoretical plates), 10 ¢ of the starting trichlorosilane being 
isolated [The mixture on fractionation produced pure alkyltrichlorosilanes 
SiCl.(CH,CH,),H, with n 1-5, their properties and yields being listed in Table 2 


The properties of trimethyl derivatives produced from our alkyltrichlorosilanes by 


Grignard reaction are given in Table 3 


The reaction of methyldichlorosilane with propylene was carried out at 260-275 
for 3 hr (maximum pressure being 100 atm) Iwo runs yielded 21l6¢ of 
reaction products with 151 g overall feed of methyldichlorosilane. Distillation of the 
mixture yielded 21 g of recovered methyldichlorosilane and resulted in methylalkyl- 
dichlorosilanes CH,SiCl,(C,H,),H with n |-3; the properties of methylalkyl- 


dichlorosilanes produced from propylene are given in Table 4 


252 
ae 
Ca Found Cak Found Cak Found 
C,H,Si/CH 14030 07203 4414 4412 6466 6444 13-85 13-83 21-57 20-29 
4°47 13-87 21-46 
2 C,H,.SUCH 4160 O7412 $335 68-48 +0 402 17°73 6 
; C.H,.SUCH mn 4242 646 6258 0-89 3 140 4-03 14°59 
4 4-18 45 
* For literature values s refere 
S 
Found Calc 
| -4240 123-124* 
? 1-4400 (32 mn 14-0] 14-10 
14-07 
1-4540 80-82 11-77 11-64 
(2mm) 11-82 
** Literature 3: b.p. 123-124 
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253-258. Pergamon Press Ltd.. London 
Abstract —2,3- etny ) iS Deen synthesise according 
to “Schema A” p. 254. and its structure cont ed by oxidation th per c ac The product 
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Schema A 


+ or 


Remarque: TS= —-SO,—GH,-CH, (Tosy!) 
Dans cette communication, nous décrirons la synthése du 2,3-dimethyl-p-lyxose 
r du methyl-4 tosvl-D-l\ xopyranoside* d'apres le schema A 
hylation du n -4-tosyl-p-lyxopyranoside (4) par la méthode de Purdie- 
opyranoside Par réduction au 
toluenesulfonyle a éte 
(VII) nous a 
ose (VII1) cristal! structure du 2,3-dimethy] 
l'acide period que Le produit consomme 
ipres 60 heures) avec liberation d’aldehyde 
la dimedone 
3-dimeth' iyxose 
3,.4-dimethyl- 


inge butanol- 


e et le pl talate acide 


dentiques pour le produit synthetique et le 


PARTIE EXPERIMENTALE* 


OU ns comme avail nous n’avions pas connatssance 


yl-4-tosyl-p-lyxopyranoside (V) réalisée par Kent et Ward.* 


> 
= 
CH,. O-C-H HO 
H-C-O-TS H-C-O-TS H-C-O-TS 
H-C-OCH HC 
at 
Irs 
él 
pe 
| a 
| for 
q ue 
moven de ninhydrine. Les chromatogrammes ont ete elues par ul! ( 
Ten ® éthanol-eau (4:1:5) et révélés par le chlorhydrate de p. anisid Nn 
produit de degradatior 
Au mome! 
de la synthése de m¢th 
* Par. J. 
‘ge W. Kent ect P. W I. Chem. S 
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Les constantes physiques des produits que nous avons isolés étant parfois différentes 
de celles rapportées par ces auteurs, nous donnons ici la description de nos expériences. 


xopyranoside (Il) 


A partir de 16 g de lyxose (I) préparé par dégradation de galactonate de calcium® 
et traite dans les conditions habituelles par le méthanol chlorhydrique, nous avons 
obtenu 14,25 g de meéthyl-p-lyxopy ranoside. 


Vféthy /-2,3-isoprop\ lidéne-p-1\ vopyranoside 


Une solution de 14g de methyl-b-lyxopyranoside dans 70 ml d’acétone est 
ajoutée a une suspension de (II), 9 g de pentoxyde de phosphore dans 70 ml d’acétone. 
Le mélange est agité vigoureusement pendant [5 minutes a la temperature ordinaire 
puis décanté sur filtre. La solution est neutralisée par un exces de carbonate de 
potassium anhydre puis filtrée sur une double couche de Celite-Norite et le solvant est 
evapore sous vide. Le sirop résiduel est extrait pat plusieurs portions de chloroforme 
et la solution filtrée est concentrée sous vide. Le résidu sirupeux cristallise aprés 
3 jours. Par recristallisation dans un mélange de benzene et d*hexane on obtient 
11,37 g de méthyl-2,3-isopropylidéne-p-ly xopyranoside sous forme de petites aiguilles 
incolores fondant a 49-52 

Rendement 61 [Jy 45, 6 (EtOH c. 0,91) Trouvé: C 52,9: H 8.0. Calculé 
pour C,H,,0.(204,2): C 52.9: H 7.9 

A partir de 2,82 g de sirop provenant des eaux-méres, nous avons encore isolé 3,03 g 
de méthyl-2,3-isopropylidéne-p-ly xopyranoside, ce qui porte le rendement a 75 


Méthyl-2,3-isopropylid ne-4-tosyl-D-lyxopyranoside (IV) 


8,0 gde méthyl-2, 3-isopropy lidéne-p-ly xopyranoside dissous dans 40 ml de pyridine 


anhydre sont ajoutés 4 une solution de 8,5 ¢ de chlorure de p toluenesulfonyle dans 
40 ml de pyridine. Le mélange est garde pendant 50 h a la temperature du laboratoire 
puisadditionné progressivement a 200g de glace. Le méthyl-2. 3-isopropy lidéne-4-tosyl- 


D-lyxopyranoside qui cristallise, est recueillisur filtre et lavéal'eau glacée Onen obtient 
12.99 ¢ fondant a 102-103 Rendement 92.5 Apres recristallisation dans le 
methanol, le produit se presente sous forme de petites ruilles incolores de p.f 
105—106°. [x];,’ 18,28" (EtOH c. 0,91). Trouvé 53,8; H 6.3: $8.9. Calculé 


pour C,,H,,0,S (358.3): C 53,6; H 6.2: $8.9 


16 


M éthyl-4-tosyl-p-/; vopvranoside (V) 


Une solution de 9,2 g de methyl-2,3-isopropylidéne-4-tosyl-p-ly xopyranoside (p.f 


Dain marie et 


105—106°) dans 380 ml d’acide acetique glacial est chauffée a 100° au 
180 ml d'eau sont ajoutés progressivement en 30 minutes. Le solvan est evapore 
sous vide et le sirop residuel cristallise apres une nuit. Par recristallisation dans un 


~ 


melange d’isopropanol et d’hexane, on obtient 6,2 ¢ de .opyranoside 


sous forme de petites aiguilles incolores fondant 4 94-95 Rendement 84 


61.2] (chloroforme Trouve ( 49.0: H 5.7 Calcule pou! 


CigH, (317.3): C 49,0: H 5,8 
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Amer, Chi Soc. 72, 4546 (1950) 
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yppyranoside (V1) 


hyl-4-tosyl-p-lyxopyranoside dans 5 ml d‘iodure de 


it are pendant She ence de 


Pe, 
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Une solution de 400 mg dc 4 
méthyle et | ml de méthanol anhydre est cha 
22 doxvde d'argent fraichement prepare La suspension est filtree sur Celite. le 
resiau § ge ¢s ive pa me iud ‘ est concentre sous vide Le 
resid : ren 5 ag wdure de methvic est a uveau chaufle a reflux 
a pendant 24h en présence d doxyde d'argent. Ce traite est répété unc 
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OXIDATIVE CYCLISATION OI 
DIPHENYL-2 CARBOXYLIC ACID 


rR. M \. MURRAY 


Abstract 


NTRODUCTION 


treated 

diacyl 

heat 

ly, the behaviour 
NO,, CN, NHAc. 
nd the charac- 


graph of 


roaguction 
general comme be : efore the detailed presentation of our 
al origins of the lactone are obvious. Its precursor might be 


formed by the usual condensation, and indeed the lactone has been 


= 
triv 


ained from fluorenone by means of Caro’s acid.2 But chromic acid. under our 

conditions, does not effect this oxidation and it is unlikely that fluorenone would be 

produced by the other reagents which would probably be more capable of Oxidising it 
- 


An additional argument against this mechanism is that the lactones produced from 


substituted acids always have the structure shown in the above diagram. while the 
[he second possibility 


isomer (V) should sometimes be produced from a fluorenone 
is that oxidation at the 2’-position produces 2'-hydroxydiphenyl-2 carboxylic acid, 
M.A. Murray Ph.D. Thesis, Cambridge (1948) 
G. Wittig and G. Pieper Ber. Dtsch. Chem. Ges. 73, 295 (1940) 
WwW von Doering and I Speers J immer. Cher 


: 
nd 
G. W. Kenn C. M. B. 
University Chemical Laboratory, Cambridge 
R 2? May 1957 
. 
Cl f 2 
li: R H een 
ec 
is(R OMe, NHCOCH,..CN. NO s bee! 
(tact 
4 
D tne ) -hydroxvmethvidipheny is crystallised although it 
( ) cid Il icid ri 
ULC ) C acid Dul instead the iactone of 2 -hvdroxy- 
diy 2 carbo 1, 3:4-ber marin (Il; R =H). It then hi 
pric Caro ‘ aco 1 DE ¢ al enated Dy chromic acid ng more than 
ave studied it qualita follo two paths of investigation. Firstly, the dehvdro- 
enation has been accomplished in ot! lhe carboxylic ac 
wil ydrogen peroxide inder various conditions (‘‘peracid me ‘ 
peroxide has b n prepared from the carboxylic acid and been dé 
Ihe sodium salt of the carboxy c acid has been electrolysed. Sec« 
ol a se es of 3 substituted dipher vi 2 carbo» iid acids (I: R 
OMe, X H) has been examined: the preparation of these mater 
terisation of the lactones derived from them are discussed in the | | | 
this int | 
results 
fluorer 
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which then condenses to the lactone. In the cases of the peracid and the electrolytic 


methods of oxidation there 1s good evidence to the contrary. and this explanation is 


inherently improbable for the electrolytic oxidation and peroxide decomposition. 


The chromic acid oxidation may proceed in this way and this could probably be 


avionoid aromatic 


ne hand 


} mer wie } 

tion of the peroxide should produce the 

could be displaced These two nodes of 


fundamental process favoured by 


two-electron-transfer o1 one-electron-transfet types 


simultaneous Operation of several mechanisms, 


iditions the two discussed at the beginning of this paragraph, 


ive experiments such as described here. At this stage 
rms of a single mechanism operating at one time 
} 


of dehydrogenating diphenyl-2 carboxylic acid is to treat it with 
another carboxylic acid and hydrogen peroxide (“peracid method”’). Indeed when 
account 1s taken of the recovered starting material the vield may come close to being 
quantitative. This is strong evidence against the intermediacy of 2 hydroxydiphenyi-2 
carboxylic acid, since some of the 4’-hydroxy isomer should be generated simul- 
taneously and degraded to phthalic acid. It is nevertheless difficult to achieve a very 


*R.E rk and A. W. Browne J. Amer. Chem. Soc. 50, 337 


— 
ers, 
— 
Vv 
Va checked by experiments with '*O, but for the present we prefer the more economical 
\ ts nisn is al wous to it the perac d oxidati We 
a ry c | tin these oxidations the major i not the entire, source of the lactone 1s an 
os, ac ( ative (1) generated by reaction between the carboxylic acid and the 
OY t- lication then follows t] of c 
ine cye ati inc OHOWS Lhe usual COUTrSse OT C 
"ae ae sub nv expulsion of a proton from the 2-position. On (iii 7! 
Cit OXViic Salt Or decom 
; toy radical (Ill) from v ch a hydrogen atom 
It must be emphasised that the 
nr lod 
bee cannot De excluded Dy g 
if 1s mven nt to th nk 
) 
(1928) 
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high conversion of the acid into lactone because the cyclisation is slow and there is 


gradual destruction of the product. Oxidation in cold trifluoroacetic acid gave 63% of 


lactone and 15°, of the starting material was recovered. This reaction was much faster 


than that in acetic acid and the rate in trichloroacetic acid was intermediate Hydrogen 


peroxide gave a slow reaction in water but no lactone was produced in f rt-butyl 


wi n no Te af 
Obvious] cyclisation 1S prom ted by acidic conditions and therefore It iS 


le lactone is produced from diphenic 
this idea becau etnereisaci 


iCal 


) ( 


NHCOCH 


i 
» 
ag 
: 
proda an ionic reaction ine fact that the sa 
id th hvdros neroxid na re : 
Wit pers UC ACCLIC ACI¢ a ce 
; alog geca a \ eans idS Or Nalogens; 1n each instance carbon 4 
al l ire expelled DV a eagent. Stro er eviagence has been 
pre i | oxidatiol det lard dit nvyl-? ho. 
vide u | gara cond S aqipne CATDOX c acid and 
rou lituted dé alive in gs tn the va ubdstituent 
eri pare 5) ere OCH. 30 NHCOCH. 20(82) 
al 
‘ 
i ete tep i resu 1 Del 
of pre-equilibria; this t well be the c igate acid (I; X OH.) of the peracid 
(I: X OH) 
ic acid unde est condi Wit e series Of 3 -substituted acids 
the total recoveries of material were: OCH (27), i 21). H 20(73) 
‘ 
CN 8(82), NO, 4(88). Du the reac ns lirst two solutions turned dark green j 
actone a d ol the acetamide-lactone be ODtained vener;ns I nd ol 
D. E. Adelso Ha iM. T. B j 58. 87 
Ci Rev. 45, 38 
W. A.M Ci 75, 2 $3 
D. Bryce-S \ 172, 863 } 
L.S.1 J. Ore. ¢ 20, 1297 (1955 
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lar to that 1 1¢ peracid experiments, and we conclude 


sation . i a cationoid substitution in the aromatic rin 
reactive int IS j yal of the carboxylic acid and 
4] 

il 


wn oxidation of alcohols 
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d 60 


dec omp 


Presumably tl 
chromic acid, a 
throu emoval of proton from a chromate ester 
| e cryStaliine diacvi peroxide was prepared iro aqipneny cal box aC 
d 60°, respectively « e lactone U nde esame conditions 50”. anual”, 
espec ery OF the ( ictone Was ODtained Ir orrespon peroxide 
, , 
peracid og and tney § Lie pe bon al ec Cali mec 
| 
| me ine cé rsion cCoulk pe raised Ktraction in 
VOTOAVG Cu OXViate Goes not, COUTSC CLO icted 4 ; 
: 

sequent lact satior ust Na deen an Oxidation product. Comp on of the 
wl yviours ol sudstituted compoun Was ) ative aDdoul electrolysis than 

actone or Starul nate oOunted to no more tt OU ot the theoretica ld the 
cipal reaction appeared to de ( orca ANOGIC OXY and it Was 
| m-aceta oic acid suliered the sa ate unae»r cCof;n 
a ected benzo Ci scl Vield Mit CLOne Was i UL 
could De explained D is insoiuDd t\ Oe! ne and it cal usceptit 
eq lack e under paravdie Condivions W ic cat we [cannot De atlacned 
( Sc nce t Ggoes ce \ ine POStulale iree-Tagical SUDSLILULK and 
contrasts § Wil Va yieias Ifo peracid and chromic acid ‘ 
I 
these tnt aipne Ca WAVTIC 
aent ine Of dif « CATOOAVIIC W Chl Cs oO oul 
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ee of mechanis The react s doubtless favoured by being a cyclisation, and con 
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F.H M. H.W A Ci 73, cited 
R. L. Das M. ¢ 4, 33 
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cyclisations is apparently the reaction between silver bromide dibenzoate and aromatic 


compounds ;'* benzoic esters are among the products and this mode of reaction has 


been classified as an electrophilic substitution, largely on account of the orientation 


phenomena for example the formation of m-nitrophenyl benzoate from nitrobenzene. 


Aryl benzoates are also produced by the action of halogens on silver benzoate in 


presence of aromatic compounds.'’:'* It has incidentally been reported that the 


action of bromine on silve1 diphenate does not give 2:2’-dibromodiphenyl.!® Another 
set of reactions, which may be connected with our chromic acid oxidations although 


less directly, is that leading to v-lactones from branched-chain aliphatic acids through 


the action of permanganate or manganate.”° As the reaction conditions are alkaline, 
the actual product is the y-hydroxy acid, but it is likely that the lactone is the primary 
product in at least some instances. It has been shown?! that there is probably more 
than one mechanism operating and it is unlikely that cationoid substitution. such as 
we postulate to ¢ plain our results, would occur at an aliphatic carbon atom. Never- 


irromatic 


carboxylic acids from the ard methods An attempted 


unambiguous synthesis of this nitro compound was based on the reaction betwee 


tructure (I1) 


I presents all the ctones,. aithoug! n principle oxidation could also ive occurred 
substituent R. In fact each oxidati 


proportion of one 


could be correlated with the phenylazo-lactone (Il R Nf efis) The structure of 
4 
this substance rests on its preparati« n byazoc uUpling Ol the disodium Salt of 2 -hvdroxy- 


nhenvl_? } 
agipnenyi-z CarDdox 


7. 
oaipnel 


tormed DY coupi Wit excess ul Sail 


Vet! Be LP 


A solution of m-nitroaniline (50 g) in concentrated hydrochloric acid (140 c.c.) and 


water (/)5 C.c.) Was coolet n e and diazotised with sodium nitrite (30 ¢) in water 


lade theless Mctonisalion In the aliphatic series May de Connected with that in the 
es to the extent that the oxidising agent is attached to the carboxyl group instead of 
oe a4 f attacking the hydrogen atom on the tertiary carbon atom. as previously suggested.” 
o oe [he main source of our starting materials, apart from diphenyl-2 carboxylic acid 
i tself, was the Gomberg reaction between m-nitrobenzene diazoacetate and methyl 
cue kh vs benzoate, which gave a mixture separable by chromatography. of the methyl 3’-nitro- 
Rhee diphenyl-2 and -4 carboxylates. The preparation of the other 3’-substituted dinhenvl-? 
maionic ester and Dutadiene it failed at the final step of denydro- 
venation 
During the foregoing discussion it has been assumed throughout that sq 
es ic acid and on its behaviour as a normal lactone. ?’-Hvdroxv- 
3'-phenylazMiiiiifhyl-2 carboxylic acid should be hindered from lactonisation by 
hydrogen-bonding between the hydroxy and azo groups. and indeed this was found to 
be true of the 3°:5'-bis COM 
EXPERIMENTAL* 
Combere Re acl Detween Nitrohe D and 
; 
: * All m.p.s. are corrected 
D. Bryce-S iP. ¢ k 2264 
: L. Birk ) K. Me € Be 69, 72 
ab C. Prévost and J. W Compt. Rend. 204, 98 
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(60 c.c.). The diazonium solution was stirred with methyl benzoate (1 1.) at O° while 
tion ot | sodiun icetatc (140 watel (350 ¢ was added Stirring 
was ¢ I d for 2 days (at room t« nperature al the first 3 hr) Ihe organic laver 
po ted (SAU @) ‘ cl taken p 
d perc ed tl of i(l ke). The colum: 
™ ate a the tar as 

». 94-95 
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cvanide gave 3 j cuprous 
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from water (Found: C, 75-6; H, 43; N, 6-4. C,,HgO.N requires C, 75-3; H, 41; 
N, 63%). When the diazonium salt was kept at 60° for 15 minutes, a tarry solid was 
precipitated. This solid was dissolved in sodium hydroxide solution and treated with 
dimethyl sulphate at room temperature. Isolation of the acidic product and its 
recrystallisation from water gave 3’-methoxydiphenyl-2 carboxylic acid, m p. 88-90 
(Found: C, 73-9; H, 5-6. C,,H,.O, requires C, 73-7; H, 5-3%) 


Oxidation of Diphenyl-2 Carboxylic Acid and its 3’ Derivatives 


(a) /solation of the products 


[he lactone and the un-oxidised acid were brought into either benzene or ether and 
then separated by extraction wit! T arbonate solution. The acid was recovered 
by acidification and the usual extracti \ rr benzene. The lactone left by 
evaporation of the original solvent was alway 1 warm sodium hydroxide 


solution, which 


ltered before be ‘ dified The lactone was then either col- 


lected direc i Tk y nto ethe I shed with sod um carbor ate solution 


The substituted nes produced by the var s OXIdations were identified by mixed 


m p s. with the ; nee san ples prepared as desc bed be 


OX 


peroxide the yield of lactone, 
109-1] Wa Under 
Was ered 
anthraquinone 
) was added toa 
ind the 
was 0°67 @ 
ields were obtained 
rapidly destroyed at 
veroxide 
hydroget 
the acid was dissol\ in hvlet ride and treated with trifluoroacetic 
ihydride and &6 \ n xide, were much less successful and dark coloured 


by-products were formed 


(iii) In trichloroacetic acid. Hydrogen le (2-5 3 ) was added to a 
solution ol dipheny| 2 arboxylic acid Lrichio;©ros ‘tic acid { lO ¢ When 
the solution had been heated at 95 r2 ini 3 lactone could be isolated 

(iv) In wate A suspension of diphenyl-2 carboxylic acid (0-15 ¢) in hydrogen 


peroxide (10 c.c. of 30°.) was kept at 95° for 2 hr. The yield of lactone was 5 and 


90 of the acid was recovered. 


; 
dations with hydrogen peroxide and its derivatives 
ab ee (i) In acetic acid. A series of comparative experiments, with the results mentioned ; 
ae in the Introductior was conducted as [follows Phe acids (0-25 g) were ssolved in 
acetic acid (ZU C.c.) W Ci was kept at YU" du S hi At the begin ng Of eacl hour 
c. OF hydro vl peroxide was added reacuiol mixtures were concentrated 
= 7 under regi pressure before isolation of the products. Diphenyl-2 carboxylic acid 
isell gave 16 Of the lactone and / recovered under these conditior On a 
preparative scale more material was accounted for. For example, when 5-45 g of acid : 
| 
‘ 
{ 
ba—(4 pp.) 
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Lactone of 2'-Hydroxy-S'-methoxydiphenyl-2 Carboxylic Acid. 

The amino-lactone was diazotised by warming a suspension of its sulphate in dilute 
sulphuric acid with sodium nitrite. The solution was boiled during several hours and 
the light brown solid which separated was then methylated in chloroform solution with 
diazomethane. A small yield was obtained of the 5'-methoxy-/actone, which was 
recrystallised from petroleum ether (b.p. 80-100"), m.p. 121-123" (Found: C, 74-6; 
H, 4-8. C,,H,O, requires C, 74:3; H, 


Lactone of 2'-Hydroxy-5 -nitrodiphenyl-2 Carboxylic Acid 


rhe lactone of 2’-hydroxydiphenyl-2 carboxylic acid was warmed for | minute with 


excess concentrated nitric acid The sparingty soluble 5 -nitro-lactone separated 

and completely prec pitated with wate t Was recrysta sed from acetic acid and | id 


~ 


m.p. 259-261" (Found: C, 64-4; H, 3-0; N, 5-7. C,,.H,O,N requires C, 64 H, 


N, 5:8 ) Its structure was proved by reduction wit tin and hydrochloric acid 
followed by acetylatio with acetic anhydride and acetic acid Ihe resulting 5- 
acetamido-lactone ad p P| eS. undepressec va authentic spec Cl Pre- 
VIOUSIY the nitration had been described as viel tro-lactone with m.p. 224 
icknowledgement—We thank the Department of Scientific and Industrial Research 
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NOTE 


Une méthode simple de synthése du benzene ‘*C, et du styrolene '*C 


Tetrahedr 957, Vol. 1, p. 269. Pergamon Press Ltd., Lond 
Ss 
¢ 
eed (Received 30 Jam 1057) 
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PRELIMINARY COMMUNICATION 


The direct introduction of the diazonium group into aromatic nuclei 


(Rec 12 Marcil 


Tetrahedr S7, pp. 270-271. Pergamon Press Ltd., London 
57) 
THE « ersion of ar olves steps 
tron le f the t NO-X (X Cl. HSO,. ClO,. CF.COO. etc). 7 reac 
: 
ArH > ArNO > ArN, 
HX HX 
iron ne ene D ine ect cact Or sox 
Lids ArH 2HNO > ArN OH H.O 2[O] 
% is been established. For certain compounds, namely phenols. phe ( s and polyalky!l benzenes 
‘ suggest the reaction has ¢ lerable prepa ve value. Howeve ¢ reac ppears likely to give 
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nd benzene and does not take place at all with aromatic compounds 


For such compounds considerable adaptation of the basic reaction 


significar 


of several possible 

method for into 
catalyst 

ation” by 

ited with 
int of 


been 


us Only Poor 
$ necessary in order to obtain 
routes has so (Ah investigated 
In collabommmm with G. Theaker 
icactivated aromatic nuciei has been de 
c ae nd is based on the earlier work of B 
Westheimer and Carmack I he 
nitrosyl sulphuric acid (prepared in situ t 
ye Ba mercuric phate (1/100 mole). Using this method moderate vields of diazonium salt have HE ; 
prepared fre iromatic sulphonic acids [benzene sulphonic acid 20 per cent -toluene sulphonic ; 
cid 53 per cent}, carboxylic Ss i c acid 2! per « napnit c acid 20 per cent] and aro- 
c nitro-< pound nit 14 per cent: p-nit enc per ce 
Full det of this k re th a discussion of the echanis of t eactions will be 
oe ments—The aut hes to express his gratitude to Mr. G. Theaker (of I.C.1. Dyestuffs 
Division carried out the He also wishes to 
D Chemist J. M. TeDpER 
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REMARQUES SUR LA NOMENCLATURE 
DES TRITERPENES 


SIMONNE ALLARD et GUY OURISSON 
Tables de Constantes, Commission affiliée de l'Union internationale de Chimie pure et appliquée*, 


18, rue Pierre Curie, Paris Se et Institut de Chimie, 2, rue Goethe, Strasbourg 


(Received 10 July 1957) 


Résumé—On expose, pour faciliter leur discussion, certaines des régles de Nomenclature adoptees 
pour une Table de Pouvoir Rotatoire des rriterpenes, en preparation Le nombre des squelettes 
fondamentaux a été réduit, et des prefixes nouveaux ont été introduits pour nommer des squelettes 


transposes 


Summary—The new, and drastically altered rules of nomenclature adopted for the preparation of a 
Table of Optical Rotations of lriterpenes are described in order to provide a larger basis for their 
discussion. The number of basic names has been reduced: only Lanostane, Ambrane, Onocerane. 
Oleanane, Ursane, Gammacerane and | upane are used each with precise stereochemica implications ; 
such names as Tirucallane, Friedelane, etc. are considered as representing modified structures, and 

used. New prefixes are used to name these modifications of basic skeletons (in particular 
neo- for the novic acid type of transposed skeletons, friedo- for the friedeline type of structure) 
The new rules should make it possible to name, without introducing new basic structures, many 


biogenetically possible but yet unknown lriterpenes 


LA PREPARATION d'une Table de Pouvoir Rotatoire des Triterpénes, dans le cadre 
des Tables de Constantes de |Union Internationale de Chimie. a nécessité la 
denomination systematique d'un grand nombre de corps. En l’absence de régles de 


Nomenclature adoptees par les instances internationales, il a été le plus souvent 


possible d’utiliser des propositions partielles, faites anterieurement par divers auteurs, 


el d’adapter les régles de Nomenclature des Stéroides.!:* 

loutefois, comme cela avait été le cas pour la Table de Pouvoir Rotatoire consacrée 
aux Stéroides,? des difficultés se sont presentees pour nommer certains groupes de 
[riterpenes et la Redaction a da preciser certaines régles ou en introduire de nouvelles. 
Dans quelques cas, la necessite d'utiliser des régles aussi générales que possible, et 
de nommer fous les corps mentionnés, a conduit 4 modifier des conventions antérieures 
pourtant fort utiles, mais difficilement généralisables. Ces diverses innovations ont 
fait objet de consultations personnelles avec quelques Spécialistes, et nous avons 
pu dans une large mesure tenir compte de leurs suggestions et de leurs critiques. 
Si un accord complet n’a pas été obtenu sur tous les points, il a été généralement 
reconnu que les régles établies pour les Tables de Constantes pouvaient servir de 
point de depart 4 une Nomenclature deéfinitive. Nous exposerons ici une partie des 
régles adoptees dans les Tables de Pouvoir rotatoire des Triterpénes, celles relatives 
aux squelettes fondamentaux et a leurs modifications. Nous espérons que cette note 


* Les propositions faites ici engagent uniquement la responsabilité personnelle des Auteurs, et ne 
doivent pas étre considérées comme bénéficiant de l'appui de |'U.L.C.P.A 
A. Petit Bull. Soc. Chim. Fr. 16, D545 (1949); Bull. S Chim. Fr. 18, numéro Mars—Avril (propositions 
de la Fondation Ciba) (1951); Elsevier's Encyclopaedia of Organic Chemistry Vol. 14, Supplément, 
p. 1347s-1367s Amsterdam (1954) 
* J. P. Mathieu et A. Petit Pouvoir Rotatoire Naturel Vol. 1. Stéroides, p. 1f-9f et la~9a. Masson, Paris 


(1956) 
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permettra la discussion et facilitera le travail de la Commission de Nomenclature 
de 'U.L.C.P.A. 


NOMS FONDAMENTAUX 


Quelques structures fondamentales ont été choisies comme support de nomen- 


clature, et sont traitées comme des hydrocarbures saturés.* La stéréochimie complete 


de ces structures fondamentales est définie comme il est indiqué plus loin, et est 


consideree comme impliquée dans la nomenclature. a l'exception des modifications 
| 


effectivement explicitées avant le nom du squelette. Les structures fondamentales 


choisies sont les suivantes 


Groupe du Lanostane et groupes apparentés 


Un seul squelette de base est utilisé: le Janostane. svnonyme de 4.4.144-triméthyl- 


(Sa)cholestane dont la numérotation est conservée jusgu’en 


(Dans tous les [riterpénes, ce sont les méthyles 2 qui, dans les groupes gem- 


dimethyles, portent les numéros les moins élevés.) 


les groupes apparentés au Lanostane portent des noms en “lanostane”’ 


Les dérives ¢ 


completes selon les modifications Structurales 


(13a, 149, 17¢H)lanostane pour le groupe de uphol 


(13x, 148, 178H, 20xH )lanostane pour le groupe du Tirucallol 


$o-methyl-18-nor-lanostane pour les groupes de l’iso-f uphol et du Dammarane 


Exemples 


Lanostérol 3/3-hydroxy lanosta-8.24-diéne 


Euphol 3/-hydroxy (13, 148, 173H)lanosta-8.24-diéne 


iso-Tirucallénol 3-hydroxy & -methyl-18-nor-(20xH )lanosta-13(17)-éne 


La dégradation de \|a chaine en ( 


7 est indiquée par nor- éventuellement precede 


preéfixe multiplicateur 


Exemple 


18 


28 29 


> 
Fic. 2. 3)-hydroxy trinor-lanosta-8-éne 24 oique 


* Les noms fondamentaux ne désignent ainsi pas nécessairement des hydrocarbures satures effectivement 


support de nomenclature 


obtenus, mais sont uniquement un 


= 
| 
21 
; 
18 
y 22 
23 
o« 
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Pe 
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! 
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Autres groupes 


Les squelettes de base sont: 


Fic. 3. Ambrane Fic. 4. Onocérane 


I Olé Fic. 6. Ursane 
< 
y 
2 
ep 
1B nin 3 ‘7 


lig | 25 6 
WEA 

ic 


6 > 4 Re 


Fi 7. Gammacéra Fic 


Exemples 


Ambréine 8a-hydroxy ambra-13,18(28)-diéne 
z-Onocerine onocéra-&(26). 14(27)-diéne 
i-Amyrine 3f-hydroxy oléana-12-éne 
|? 


x-Amyrine 3/-hydroxy ursa-|2-éne 


laraxastérol 3/-hydroxy (18, 19//H)ursa-20(30)-éne 


Lupeéol 3/-hydroxy lupa-20( 30)-éne 


20 20 
1 
21 -29 
17 30 nN 30 
25 |.26 
27 
3 7 7 
~ 
JOL. Y 
/ 
‘ 24 23 24 ; 
29 30 30 
21 
22 
34,17 
3 24 23 24 
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MODIFICATIONS DE SQUELETTI 
Des modifications des squelettes fondamentaux peuvent se rencontrer dans tous 
les groupes de Triterpénes. Elles sont commodément désignées par des préfixes 


accompagnant le nom fondamental 


Modifications du nombre de groupes méthyles 


Le remplacement d°un groupe methyle par un atome d’hydrogéne est indique par 
le prefixe nor- précédé du numéro du (CH.,) ainsi supprime. La configuration au 
centre asymetrique correspondant est conservée, sauf indication speciale dans la nw 


configuration du squelette 


Modifications aux dimensions des cycles 


La contraction d'un cycle avec élimination d'un atome de carbone est désignée 


par nor- precede de la lettre « iracteristique du cycle modifié et, entre parentheses 


du numéro de l’'atome de carbone considéré comme éliminé. Cet atome 


est en 
principe celui dont le numéro est le plus élevé, a l'exception des atomes communs 
a deux cycles; si ce choix conduit a la perte de substituants en fait conservés dans 
le squelette modifié, on choisit comme atome disparu celui qui porte le numero : 


le pius faible 


2 
= 
we 
de 
i 
; 
2s 
\i4 EQ 
O 
Vodifications de squelette par transpos 
Deux ypes Principaux Ge prodgulls transposes so decrits, soil comme produits 
natures, soit co ves clam 0 ages dil ‘ Ss sgueicttes cs pl du 
Sees type Acide novigue (serie m et les produ du type Friedeline (série friedo) 
du cyciec A puis n ion des methyles angu ics en 10 (jonction A/B) 
eet. 8 (jonction B/C) et 14 (jonction C/D), aux squelettes partiels dont les modifications 
CUOTTOS| u ‘ uC neo ‘pas G 
decrit <i) et A Sul du nor fond tal du sque ectle imiti On 
conserve ic numecrotage initial du sgqueictte et des e upes Mcinvic ivant n 
vA 
23 AY “ _ j 
4 
24 
any 
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Exemples 
d-x-Amvratriéne A-néo-ursa-3,9(11),12-triéne 
}-Amvriléne | A-néo-oléana-3,12-diéne 
Acide novique 28-oique 27 :9«-olide 
|-x-Amvradiéne A:D-néo-(3£)ursa-12,14-diéne 


Série friedo. Ces produits deérivent des squelettes normaux par migration 


les angulaires de 14 (jonction C/D) 
en 13, de 8 (jonction B/C) en 14, de 10 (jonction A/B) en 9, et de 4 (groupe axial 24, 


(expérimentale ou postulee) des groupes methy 


evcle A) en 5. Ceci conduit successivement aux modifications de squelette designees 
par D-friedo-, D:C-friedo-, D B-friedo- et D:A-friedo-, suivi du nom fondamental 
du squelette initial. On conserve le numérotage pour les cycles et pour les groupes 


methy ics 


-oleana-14-ene 

jo-o1eanane 

-oleana-3,14-diene 
Re nargues 


sguciettes 


termes tcis gue 


: 
12 H 
1 42 
3 
“ah 
23 6 23 ¢ 
4 4 25 
25 
Fic. 14. A:C-néo- Fic. 15. A:D-néo- 
| 
1) I D:C-/ 
( 
| | 
AIAN AH AL 
24 
2 
Exemples 
(a) La nomenclature en néo ou friedo doit permettre de nommer sans difficulté des EEE 
4 non encore décrits certainement semblables besoin en utilisant des EEE 
ne (methvie nmuere ¢ iden -5) neo- (metnvie n ere de 17 en ¢ 18) etc 
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(b) La nomenclature proposée suit de prés des considérations biogénétiques. Ma gre cet avantage 


nous ne Pas CN scric tetracychque nd ut er’ Dan cof 
squcictic de Dasc. ct cor Lup c co e D-/ lar nec. ma conserve le 
sgueiette du Lanostane. d'origine bioeéné gue diflerente dcx semble pas ava 
VUodifi ations dé squeéietlée par suppre wid wi val 
L’elimination termi ct de tous ses substituants non angulaires est 
indiguce par des- suivi de la lettre caractérisant le cvcle La numerotatio iic cst 
conse©rvee 
remy < 
3 
~ 
\ 


| 
HOC 
24 
Fic. 2 
Vodifications de squelette par cyclisat nN supplementaire 
On indique les cyclisations entre atomes du squelette de base par cyclo-. Sil 


en resulte une modification de la stéréochimie du squelette de base. elle est indiquee 


q 
4 
( A ™ 
is 
: iM 
y ; 
a 
Ea 
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Exemples 


cyclo-Arténol: 33-hydroxy 9:19-cyclo-(9/)lanosta-24-éne 


26 


24 


| 


| 7] 22 
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THE REACTION OF ALDEHYDES WITH 
4-METHYL-4-PENTEN-2-OL AND «-TERPINEOI 


B J Hi DSON and (; SCHMERI AIR 


Abstract — The 


scTiCcs sum 


IN THI 
4:4:6-trin 


mixture 


: 
Tetrahedr ‘ pp. 284-288 Pereamon Pr 
reshire 
dihydro-pyrans. The latte erted by 
pine reacts analogously w 1Or pic, Ie es 
S 
more vigorous than those recommende< ihe literature,’ a dad by-product of 
similar volatilitv to that of 1 lesired | 
Could 0 pe ery sep ed e cv cel | cli 11s wr 
but could be diflere ed is chr nhic ; i} 
of its distinctive odou 
Me Me Me 
1 
—CH Me CHMe 
a su a 4? . ‘4 ‘4 ~ » 
: Ve Me 
7 R.CO.LR + 
CHMe Rc? ~HMe 
M 
Ae Me H Me ‘ 
C 
Q R 2 
The cyclic acetal (1) is most cons wepared b me dotl.G.f B 
< ‘ 
Williams ef a in 72, SO): U.S. Pa 422648 
ig 


t_methvi 4-enen 1 wternineo! 
and z-terpineo 


s therefore assumed that 1 methyl-pentan-2 :4-diol 


+ de 


tigated 


report 
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7 The reaction of aldehydes with iis 285 
twa 
ad to some under the influence of the anhydrous hydrochloric 
“Sa acid. affording (11) which had then reacted with the benzaldehyde. To confirm this 
oe hypothesis some of the reactions described by Williams er a/.? were re-inves ia 
nd others were rried out with alternative aldehvde 
a In contrast to the findings of Williams et a/., who did not sami the isolation of 
:4-dimethyi-0-phenyi-tetra vd opyran-4-ol (ul, R oF R H), it was found 
inat whe benzaldehyde was condensed wit! (11) at 10-15 the presence one 
of su acid most OU per cent oft the a ae reacted eive initially 
this pyran By distillatx at a lower pressure than was employed Dy the previous 
workers (0-5 mm instead of Simm) it was is ited na substantia y pure form This 
product could then De sn { y dehydrated by dist tion trom potassium Disuipnate ; 
to vield 2:4-dimethyl-6-phe -3:6-dihydro-2(H)-py IV. R Cone, H 
yao product of (II) with citrone ifforded a mixture of four different products (gas 
chromatograpnic anaivsis sut these c d not be effect Sep ed DV 
= Gg were t Iurthe stigated [he possib es OF Stere somerisn are 
lll, R -MeO-C,H R H e 1solat products g 
20-14 nd 584-80 respec : 
cases investigated, yield the correspon y tell cropyrans 
= ¢ d ste ec eT e reac | te ict 
~ 
ot d 64645 2 eC e DOSS e xed 
Me 
Me Me Me Me 
The French workers proposed three alternative formulae (all different from 
R. Lomb \ Bull. S 2 54 
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(V) and (VI)) for their products. These were deduced by analogy with similar 
Structures obtained by condensing limonene with formaldehyde, and were not 
supported by chemical evidence. Formulae (V) and (V1), unlike those of Lombard 


and Adam, meet our postulate of semi-acetal formation as the first stage of the reaction 


some reservation is, however, necessary at this stage as to the position of the double 


bond 


EXPERIMENTAI 


4-Methyl-4-penten-2-ol (Il) 
refluxed with anhydrous copper sulphate (0-9 g) until the boiling point fell to 80 


2-Methyl-2:4-pentandiol (1770 g, I5 moles) was 


Slow distillation gave a fraction boiling below 100°, which was discarded. followed 


by a fraction b p. 100-135" from which, by the addition of salt, the unsaturated 


alcohol was separated and redistilled, b p. 72/100 mm, through a Vigreux column. 


Yield: 834 g, i.e. 59 per cent overall, allowing for the recovery of 95 g of the original 


diol 
2(H)-Pyrans (IV). The general procedure recommended by Williams et a/2 was 


followed Ihe aldehyde was added to the reaction mixture either at 10-15° or at 


such a rate that the temperature remained just below 30° without any effect on the 


course of the reaction. The reaction mixtures were allowed to stand at atmospheric 


temperatures for 36-48 hr in order to secure maximum vields of 2(H)-pyrans At 


this point, after dilution of the reaction mixture with an equal volume of benzene, 


washing with 5 per cent aqueous sodium carbonate and water, and evaporation of 


the solvent and unchanged 4-methyl-4-penten-2-ol, the residue was submitted to 


fractional distillation in vrauco. When it was desired to isolate the pyranol (II) 


distillation was carried out at 0-1-1 mm: otherwise 0-5-]! per cent of potassium 


bisulphate was added at this stage and the distillation carried out at such a pressure 
that the 2(H)-pyran distilled at ca. 150 Physical and analytical data for the com- 
% pounds thus obtained are shown in Table | 
Taste |. COMPOUNDS OF GENERAL FORMULA (IV). (R H) 
: Required Found 
R | Formula 
78-5/0-7 C,.H..O 82-9? 8-58 83-2] 8-58 
p-Me H, O-0S C,H,O 77-00 8-30 7-19 
C.H.CH:CH 96/0-18 84-07 8-47 83-84 8-55 
3:4-CH,0O.C.H 102/0-15 C,,H,,O 72:39 6-94 72-36 6°85 
n-C,H 116-117/16-5 C,,H,,0 79-53 12-32 78-18 12-09 
In general it was not found easy to separate the 2(H)-pyrans completely from 
their associated precursors, the pyranols (III). This applied particularly to the 
Z 2(H)-pyran derived from heptaldehyde (IV, R = C,H,, , R H). The presence 
* of a weak hydroxyl band in the infra-red spectrum of this product, even after repeated 
a fractionation, explained the slightly low per cent carbon figure found by analysis 
2 :4- Dimethyl-6-phenyl-3 :6-dihydro-2(H)-pyran (IV, R = C,H., R H). (a) Benz- 


aldehyde (318 g, 3 moles) and 4-methyl-4-penten-2-ol (267 g, 3 moles) were interacted 


5 
4 
ipa 
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according to the above general method. After removing unchanged reactants a 
residue (458 g) remained, and this was distilled in portions. Thus a 47 g portion 
on. distillation over potassium hydrogen sulphate (0-5 g) at 20 mm pressure afforded 
38 g of dehydrated product. Redistillation afforded an analytically pure product, 
b.p. 72°/0:2 mm. Dehydration of larger batches proved impracticable due to the 
formation of malodorous by-products. 

(b) Benzaldehyde (106 g, | mole), 4-methyl-4-penten-2-ol (100 g, 1-12 moles) 
and Amberlite IR-120 resin (30 g) were stirred for 12 hr at 60°. The resin was separated 
by filtration and the filtrate was distilled over potassium hydrogen sulphate (2 g), 
yielding, after fractionation 49 g (67 per cent, after allowing for recovery of unchanged 
reactants) of the required product. 

Pyranols (111). The pyranols were isolated from the distillation residues (see notes 
under ‘*2(H)-pyrans”’ above) by distillation, without a dehydrating agent, at a 


sufficiently low pressure. Yields varied from 60-75 per cent, and details of the pyranols 
studied are set out in Table 2: 


TABLE 2. COMPOUNDS OF GENERAL FORMULA (III), R H 
Required Found 
R B.p. (/mm) M.p.C) Formula 
( H H 
C,H 114/0-7 30 75-69 8-80 75-17 8-7] 
p-MeOC,H, (a) 15S-160/2 124-125. 71-15 8-53 71-97 9-08 
p-MeOC,H,-(b) 155—160/2 84-85 C,,H.,O 71-15 71-82 9.03 


Isomers (a) and (b) were separated by fractional crystallization from light petro- 
leum (b.p. 40-60"), the former being the less soluble. Analytical figures indicated 
that traces of the dehydration products were present in both of them. 

Tetrahydro-pyrans. The appropriate dihydro-pyran (IV) (100 g) was dissolved 
in ethanol (100 ml) and hydrogenated at normal pressures in the presence of Raney 


nickel catalyst freshly prepared from 20 g of alloy. Details of the compounds 


obtained are given in Table 3 


TABLE 3. TETRAHYDRO-PYRANS DERIVED FROM 2(H)-PYRANS (IV) 


Required Found 
R B.p. (°/mm) Formula 
( H ( H 
C,H 56/0-1 C,,H,,O 82-06 9-54 82-38 9-53 
p-MeOC,H, 89/0-1 76°32 9-15 7611 9-29 


Reaction product of «-terpineol and benzaldehyde. x-Terpineol (154 g, 1 mole) 
containing sulphuric acid (1 g) was gradually added, with stirring, to benzaldehyde 


(106 g, 1 mole) at room temperature, The mixture was then heated to 120° for 3 hr. 
After cooling. it was diluted with benzene (200 ml), and washed first with dilute 
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sodium carbonate solution and then with water. After evaporation of the solvent, 
distillation in vacuo afforded a product (110 g, b.p. 117—125°/0-3 mm) which solidified 


on cooling. After recrystallization from methanol it had m p. 64-65" (Found: C, 83-69: 


H, 9-15. C,,H,,O requires C, 84-28; H, 9-15 per cent) 


The authors thank the directors of Unilever Limited for permission to publish 


the results of this work 
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Abstract In solutions of 2 3-dimercaptopro sanol an anodic pol irographic wave, corresponding to 
5 


ition of an insoluble mercury-salt, was observed Using this wave the reactions of 2:3- 


dimercaptopropanol with heavy metals and some oxidants were followed. Further anodic and 


cathodic polarographic waves formed were used for the identification of reaction products Metals of 


the first analytical ¢ oup torm insoluble bidentate-chelate COMPIexes, those of the a senic-group 


soluble monodentate compounds. It was confirmed that after adding 2:3-dimercaptopropanol the 


metal-ions, bound to proteins, are set free Most of the 2:3-dimercaptopropanol in a living body Is in- 


activated by oxidation. Due to this fact it is necessary to use great doses of the 2:3-dir lercaptop opanol 


in clinical treatments. Disulphide is formed in oxidation by H.O, or cystine Monothiolecompounds 


are also formed during the reaction with cystine. In solutions of p-benzoquinone no disulphide 


results. Both SH-groupings react by 1:4-addition with two molecules of quinone 


Zusammenfassung— Mit Hilfe der polarographischen anodischen Stufe des 2:3-Dimercaptopropanols, 
welche emer Quecksilbersa illdung entspricht yw nit Hilfe weit inodischer und kathodischer 
Stufer ] vurd ai Reaktion des nm aptlopl am hwermetallen und 
verschiedenet dationsmittelIn studiert. Die Metalle rsten analytischen Gruppe bilden 
unios identa a mplexverbindunget grup} | iche mnodentatver- 

Dimercaptopropanol wurd titigt. Die Inakt ng yréssten Teiles des 2:3-Dimercapto- 
propanols im Org ! urch Oxydationsreaktionen erklart. Bei Oxydation durch Wasser- 
stoffperoxvd oder Cystin entsteht ein Disulfid, bei der Behandlung mit p-Benzochinon geht—unte1 


feilnahme beider SH-Gruppen—ceine 1:4-Addition vor sich 


Das 2: 3-Dimercaptopropanol (BAL), das anfangs gegen Vergiftungen durch 
Lewisit und andere organische Arsenverbindungen angewandt wurde, wurde spater 
auch bei Intoxikationen durch andere Schwermetalle injiziert. Es wurde vorausgesetzt, 


dass BAL mit Metallen feste lésliche Komplexe bildet, welche die Auscheidung der 
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Metalle aus dem Organismus erméglichen. In eimigen Fillen’*® wurde, vor allem 
auf Grund von Farbreaktionen!>-*:-11.20 geschlossen, dass es zwischen den Metallen 
und dem Dimercaptopropanol zur Ausbildung von Komplexen kommt, welche sich 
durch cine Verfirbung und durch ihre Léslichkeit dussern, doch wurde ihre Existenz 
in der Mehrzahl der Fiille nicht nachgewiesen. Nur bei einigen wenigen Verbin- 
dungen, besonders beim gen Dichlorarsinen’? und beim Oxophen- 


arsin,” sowie weiter beim und seinen 
wurde dic Zusammensetzune det Komplexe vorgeschlagen oder bestimmt. Eine 
Studie der Reaktionen des 2 3-Dimercaptopropanols mit Quecksilber, Phenyl- 
quecksilber, Zink-, Kadmium-, Blei- und Silberacetat wurde in letzte Zeit kondukto- 
metrisch* durchgefiihrt. In dieser Arbeit wurde jedoch Pyridin als Lésungsmittel 
beniitzt, so dass die Bedingungen hier ziemlich weit von den physiologischen liegen 
R. Benesch und R. E. Benesch" untersuchten polarographisch die Komplex- 
bildung organischer Quecksilberverbindungen (besonders von “Salyrgan’ und 
Phenylquecksilber) mit Glutathion, einigen Peptiden und Dimercaptopropanol auf 
Grund der Reduktionsstufe des Komplexes, welche bei negativeren Potentialen als 
die Reduktionsstufe des an die Organoverbindung gebundenen Quecksilbers entsteht 
Mit den anodischen Stufen befassten sich diese Verfasser nicht 
Das Ziel der vorliegenden Arbeit war. cingehendere Kenntnisse iiber die Zusam- 
mensetzung, das Verhalten und die Stabilitiit det Komplexe des 2 : 3 Dimercapto- 
propanols mit Schwermetallen zu gewinnen. Es wurde versucht. ob in dieser Weise 
des Dimercaptopropanols be: Vergiftungen mit 
beleuchtet werden kénnte. Dazu wurden 
des D mercaptopropanols sowie die 
nden Komplexe untersucht 
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Studie der Reaktionen des 2 3-Dimercaptopropanols 


EXPERIMENTELLER TEII 


Die polarographischen Kurven wurden mit den Polarographen des Systems 
Heyrovsky, Erzeugung der Firma Zbrojovka n.p., Type V 301, in der iblichen polaro- 
graphischen Schaltung und im Gefass nach Kalousek mit getrennter Kalomelelektrode 
durchgefiihrt. Die verwendete Kapillare besass bei einer Quecksilberbehalterhéhe 
h 50 cm eine Tropfzeit von ¢ = 3,4 s und eine Durchflussgesehwindigkeit von 

1,90 mg/s 

Das zur Verwendung gelangende 2 : 3-Dimercaptopropanol wurde von Dr. 
Ing. V. Hach (Forschungsinstitut fiir Pharmazie und Biochemie, Prag) hergestellt. 
Weiter wurde auch ein Praparat der Firma SPOFA verwendet 

Zur Herstellung der Puffer nach Britton und Robinson sowie des Acetat-, Citrat-, 
Phosphat-, Veronal- und Boratpuffers, des Puffergemisches Ammoniak-Ammonium- 
chlorid und der Natriumhydroxydlésung dienten Chemikalien vom Reinheitsgrad 
p.a 0.01M Vorratslésungen der Metallsalze, verschiedenet Oxydationsmittel und 
des Cysteins wurden von reinsten Chemikalien durch Auflésen in destilliertem Wasser 
vorbereitet Die 0,01M Vorratslésung des 2: 3-Dimercaptopropanols wurde 
tiiglich durch Auflésen der eingewogenen Menge in destilliertem Wasser oder in 
20°. -igem Athanol frisch zubereitet, ebenso wie die ithanolische 0,01M Chinonlésung, 
welche im Dunkeln bei 0°C aufbewahrt wurde. 0,01M Cystinlésung wurde durch 
Auflésen des Priiparats in |M-NH, vorbereitet. Serumalbumin aus Pferdeblut wurde 
in destilliertem Wasser bei 20°C nach Anschwellen aufgelést 

Die Mehrzahl der Versuche bei der Verfolgung der Komplexbildung der 
Schwermetalle mit 2 : 3-Dimercaptopropanol sowie der Oxydation dieser Verbindung 
wurde so durchgefihrt, dass zu der sauerstofl ‘iten Pufferlésung, die das Dimer- 
captopropanol in einer Konzentration von | 10-*M_ bis 2 ‘+ Menthielt, 


} 


] h! reoeh, 
1 


die Metallsalzlésung oder die Lésung des Oxydationsmittels allmahlic 


und nach jeder einzelne sabe die polarographische Kurve aufgenommen wurde 


Da die erhaltenen Ergebnisse die Ausgangspunkte zur Feststellung der Bezie- 
hungen zwischen dem chemischen und iologischen -rhalten der einzelnen Kom- 
plexe sein sollten, wurden nicht zu weit vom pH-Wert 7 liegende Bedingungen gewahlt 
Mit Riicksicht auf die Unléslichkeit der Phosphate der Schwermetalle konnten bei 
der Verfolgung der Komplexbildung die Phospha ffer nicht verwendet werden 
Sofern die Bestandteile des Grundelektrolyten, z.B. Citrate oder Ammoniak, Kom- 
plexe mit den untersuchten Metallen bildeten, waren diese durchwegs wesentlich 

| 


schwiicher als die Komplexe mit dem Dimerca Mopropanol und ihr Einfluss konnte 


lie 
in der Mehrzahl der Fille vernachlassigt 

Bei Verfolgung der Oxydation det de 3- 1ercaptopropanols 
durch Sauerstoff wurde das Gas in die ing aus einer Stahlflasche mit der 
Geschwindigkeit 50 ml/Min eingeleitet und nach Zeitintervallen wurden die Proben 
entnomme! 

Bei der Verfolgung der Reaktion zwischen 2 : 3-Dimercaptopropanol und 
Cystin wurde der Einfluss der Cvystinkonzentration in der Weise studiert, dass die 
Reaktiongemische, welche eine konstante Dimercaptopropanolmenge und _ver- 
schiedene Cystinkonzentrationen enthielten, bis zur Beendigung der Reaktion 
(etwa 2 Stunden) in der inerten Stickstoffatmosphire gehalten wurden. Nach dem 


Ablauf der Reaktion wurden die polarographischen Kurven registriert 
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Die anodischen Stufen des 2:3-Dimercaptopropanols 

Bei sehr kleinen Konzentrationen des D mercaptopropanols wurde im gesamten 
pH-Bere ch eine a Stule beobac!l tet Abb 1) wek he der Bild ing cines 
Komplexes mit dem iber zukommt. Die Stu 


nenvorgat} 


Aus de 
des 2:3 D Mere 
Lésung | istens 2 10 n dar nter solchen 
héhe der ; hen fe ere lineare Funktion der Kon; 
captopropanols und die stérenden Adsorptionseinfliisse machen sic! 
Die anodische Stufe des 2:3-Dimercaptopropanols eignet sich 


uuschen Zwecken. Bei der Bestimmung z.B. in Injektionslésungen 


Olsuspension in Chloroform und Athanol 


Kurve nach Vermischen mit de Acetatpuffer vom pH 4 
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Die Verbindungen der Schwermetalle mit dem 2:3-Dimercaptopropanol 

Als so die Bedingungen der Reaktion sichergestellt wurden, wurde der 
Einfluss der Zugabe der Lésungen von 17 der haufigsten Schwermetalle auf die 
polarographischen Kurven der Dimercaptopropanollésungen studiert. Die 
einzelnen Stufen bei verschiedenen Konzentrationen der Metalle wurden verglichen. 

So war es méglich zu bestimmen, welche anodische Stufe (a) dem Rest des 
2:3-Dimercaptopropanols und welche (b) den gebildeten Komplexverbindungen 
mit einer freien SH-Gruppe (Typus CH,OH . CHS(Me)CH,SH) entsprechen. Beide 
diese Stufen sind durch die Bildung eines Quecksilbersalzes limitiert bei 2:3-Dimer- 
captopropanol mit zwei SH-Gruppen, bei den Komplexverbindungen mit einer 
SH-Gruppe. Die Quecksilberverbindungen, welche an der Elektrodenoberfliche 
gebildet werden, sind bei Dithiolen fester als bei Monothiolen. Im I inklang damit 
liegen die Stufen der Monothiole bei positiveren Potentialwerten als diejenigen der 
Dithiole 

Einfacher war die Identifizierung der kathodischen Stufen. Wenn neben 
der Stufe des Uberschusses des freien Metalls eine andere Reduktionsstufe 
beobachtet wurde, konnte diese Stufe der Reduktion des Metalls aus der V erbindung 
mit 2:3-Dimercaptopropanol zugeschrieben werden. Die Reduktion der Komplex- 
verbindung verlief in allen Fallen (ahnlich wie es bei den von Benesch?* studierten 
Beispielen der Fall war) bei negativeren Potentialen als diejenigen des freien Metalls. 

Die Interpretation der polarographischen Kurven wurde dadurch erschwert, 
dass die anodische Stufe des 2:3-Dimercaptopropanols bei ziemlich negativen 
Potentialen liegt (etwa bei 0,8 Vim untersuchten pH-Bereich). Dadurch war die 


Bildung von gemischten Str6men entweder mit der Reduktionsstufe des freien 


Metalls oder nit der Reduktionsstufe des Metalls aus der Komplex erbindung 


nodglicl ) ien Fillen wurde z.B. die anodische Stufe des 2:3-Di nercapto- 


i 


propanols (oder seiner Metallverbindung) iiber die Galvanometernullinie hinauf 
verschoben ic] lie inzidens der Hall tufenpotentiale einel ler anodischen 
mit emer der kathodischet ufen erschwerte die Indentifizierung der Stufen 
Nach yarographische ‘rhalten konnten die studic 
verden. Die Einteilung ist dhnlich wie 
wefelwasserstoffsystems, was in Anbetracht 
ksilber und bilden in allen verwendetet 
Verbindungen vom Typus (1) 
CH,S CH,—S—Me 
CH—S—Me' 
(1) 
CH,OH CH,OH 
in welchen beide SH-Gruppen des Dimercaptopropa 10ls durch das Metall besetzt 
sind und welche durchwegs wenig léslich sind. Auf den Polarogrammen beobachten 
wir nach Zugabe des Metalls eine Erniedrigung der anodischen Stufe des Dimer- 
captopropanols (Abb. 5). Die entstehende Verbindung bildet kolloidale Lésungen, 


so dass keine Reduktionsstufe des Metalls aus der Verbindung, sondern nur eine 


unregelmissige Depolarisation durch die kolloidalen Teilchen beobachtet wird 


* Zuman P. und R. Zumanova Chem. Listy. 49, 652 (1955) ollection 21, 123 (1956) 
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= a (Abb. 5). Das Verhiilinis des Metalls zum Dimercaptopropanol in der gebildeten = 
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lésliche Verbindungen vom Typus (II), Nickel und Kobalt Chelatverbindungen 


vom | ypus (1) 


Tl’ reagiert 1m gesamten studierten pH-Bereich mii dem Dimercaptopropanol 


nicht. Seine Stufen addieren sich mit den Stufen des Dimercaptopropano! ADD. 9) 


were vor 


Fi Die Lésungen von Dimercaptopropanol nach Zugabe von zwet- 


wertizgem Zinn und dreiwertigem Eisen erhaltenen Kurven werden durch Oxydations 


iert. Das Verhalten von Sn’ ni 


polarographische Aktivitat 


der anwesenden Sull xViateruppen kompl riert an kann jedoch eine Reaktion 


dieser Verbindungen mit Dimercaptopropanol beobachten 
In Lésungen von Kobalt. Nickel. Eisen. Wismut und Arsen wurden Maxima bei 


schen Wasserstoflfabscheidung 


manchmal fester als 


die entsprechenden Sulfide sind. Polarographisch kénnen in solchen Fallen direkt 

nur die Zusammensetzung der Verbindun edoch nicht die Gleichgewichtskon- 


Stanten bestimmt werden 
Die Aufklirune der Struktur det 


Verb ndungen deci Arseng! uppe. die der Zusan mensetzung dec! Merkaptide aes 


Konstitutio wurac 


Ouecksil be veroindl 


lb en tunde wedet i den Quecksilberionen noch be 


anodischen 


Stufe der im K olex gebundenen Liganden auf die Zusammensetzung des _ Kom- 


plexe S hl 


Der Ejinfiuss der Ejiweissstofie auf die Reaktion zwischen Dimercaptopropanol und 


Vetallen 


Weiter wurde untersucht. ob eine Zugabe von Dimercaptopropanol die Metalle 


aus ihrer Bindung an Proteine freimachen kann. Zu diesem Zwecke wurde Albumin 


| 
Pi Cd” verhalten sich je nach den angewandten Bedingungen verschieden 
Lisliche Verbindungen des Bleis mit freien SH-Gruppen entstehen bei pH 6, 
bei Kadmium herrscht die Bildung wenig léslicher 
an 
Reduktionswirkungen dieser Metalle komp]i7 nihert 
sich Gemici ies AS sD und Bi 
is’, Sb’ reagieren mit Dimercaptopropanol weder in anorganischen noch in 
organiscnen Verb nau! twit P} enviarson Kakodvls jure) Das Verh ilten 
von “Neosalvarsan” und “Spironovan” ist durch dic 
14 bis 1.6 V beobachtet, welche der 
angehoéren 
handelt sich durchwees um sehr feste Verbindungen. dic 
Glutathions entspricht Lewisit und anderen Organoarsenverbindungen 
wurden nimlich cyklische Verbindungen (I!) beschrieben’* = und eime dhnlich 
Bei den wurde im Einklang mit anderen Autore: 
a gefunden, dass je nach den Bedingungen verschiedene Verbindungen entstchen 
Zeitliche Veriinderungen der Komplexe’*® konnten unter den gegebenen 
ne iquecksiider nachgewiesen werden. 
CH,—S 
CH —S 
CH.OH (itl) 
ae Es hancelt sich in diesem Fall um das erste Beispiel, bei dem aus dcr EE 
ossen wurde 
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aus Pferdeserum gewihlt, denn bei diesem Protein wurde eine ziemlich feste Bindung 
der Metalle an Thiol- und andere funktionelle Gruppen festgestellt.” 

Zu einer gepufferten Metallésung wurde das Albumin in einer so grossen Kon- 
zentration zugegeben, dass die Metallstufe véllig unterdriickt wurde. Nach Zugabe 
von Dimercaptopropanol wuchsen auf den polarographischen Kurven die Reduktions- 
stufen (und in manchen Fallen auch die anodischen Stufen), welche den léslichen 
Verbindungen des Metalls mit dem Dimercaptopropanol entsprechen (Abb. 10). 
Quantitative Messungen in diesen Reaktionsgemischen wurden dadurch erschwert. 
dass das Eiweiss die Metallstufen nicht nur durch Bindung, sondern auch durch seine 
Oberflichenaktivitét unterdriickt. Auch die Stufen det Metall-Dimercaptopropanol 
Verbindungen wurden durch die Oberflichenaktivitét unterdriickt (Abb. 11) 
Trotzdem konnte ermittelt werden, dass zur Lockerung der Metalle aus ihre Bindung 
an Proteine praktisch eme dquimolare Menge des Dimercaptopropanols genugt 
(d.h. z.B. beim Arsen ein Dreifaches der Metallkonzentration). Der Typus det 
Verbindungen zwischen Dimercaptopropanol and den Metallen war durch die 
Anwesenheit der Proteine nicht beeinflusst Nur die Léslichkeit der kolloidalen 


Substanzen vom Typus | wurde erhéht 


I nfluss der Oxvd 


Nacl 


fagesdosis des Dimercaptopropanols geniigen, die Spuren der Schwermetalle aus 


den oben erwihnten Ergebnissen sollte bei Intoxikationen eine sehr kleine 


dem Organismus abzuscheiden. Nach den klinischen Erfahrungen ist jedoch, wie 


bereits oben erwihnt wurde (S), das Gegenteil der Fall. und es miissen sehr 


grosse Tagesdosen gegeben werden. Der Grund hierfiir wurde darin gesucht, dass 
nur ein sehr kleiner Teil des Dimercaptopropanols in wirksamer Form ausgeniitzt 


wird Der Rest unterliegst 1m Organismus Verinderungen hauptsichlich durch 


Oxvdation, durch welc! 
Deshalb wurden einige Modellreaktionen studiert, und zwar die Oxydation durch 


> das Dimercaptopropanol inaktiviert wird 


Sauerstoff, Wasserstoffperoxyd und Cystin und die Reaktion mit Chinon 
Oxvdation durch Sauerstoff und Wasserstoffperoxyd. Bei der Oxydation wissriger 


Lésungen von Dimercaptopropanol durch Sauerstoff bei grésseren pH-Werten als 


etwa 6 wurde gefunden, dass bei der Reaktion Wasserstoffperoxyd entsteht, welches 
weiter mit dem Dimercaptopropanol reagiert (S) Bei der Oxydation durch 
Sauerstoff entsteht ein Disulfid, das weiter zu einer wasserunléslichen Verbindung 


oxydiert wird. Diese komplizierte Folge von Reaktionen, teilweise wahrscheinlich 
mit Radikalmechanismus,*’ wurde z.Z. nicht eingehender studiert und es wurde nur 
konstatiert, dass die Oxydationsgeschwindigkeit mit steigendem pH-Wert (d.h. mit 
steigender Dissoziation des Dimercaptopropanols) steigt 

Fliissiges Dimercaptopropanol (Substanz) unterliegt dagegen bei Auf bewahrung 
an der Luft auch bei erhéhter Temperatur innerhalb von 20 Tagen nicht der Oxydation. 

Nach der Zugabe von Wasserstoffperoxyd nimmt die anodische Stufe des Dimer- 
captopropanols ab. Auf Kosten der Wasserstoffperoxydstufe wachst eine Reduktions- 
stufe des Disulfids des Dimercaptopropanols Diese Stufe hat praktisch dasselbe 
Halbstufenpotential wie die anodische Stufe der Thiolform. Aus der zeitbedingten 


Abnahme der anodischen Stufe des Dimercaptopropanols (Abb. 12) wurde fiir die 


74, 5537 (1952) 


* 7. B. 1. M. Klotz, J. M. Urquart und H. A. Fiess J. Amer. Chem. Soc 
*’ G. Barron und U. Flood J. Gen. Physiol. 33, 229 (1950) 
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Reaktion zweiter Ordnung zwischen Wasserstoffperoxyd und Dimercaptopropanol 

in Boratpufferlésung vom pH 9,3 bei 20°C die Reaktionsgeschwindigkeitskonstante 

k 4I/mols gefunden. Folgereaktionen** machen sich nur bei Wasserstoffpe- 


roxydiiberschuss geltend 


Reaktionen des Dimercaptopropanols mit Cystin. Nach den Angaben der Literatur 


reduziert 2 3-Dimercaptopropanol die disulfidischen Gruppen des Insulins** und 


unterliegt so einer der hiufigsten Reaktionen zwischen Thiol und Disulfid. die sich 


in Organismen abspielen risch wurde gefunden,” dass die Verabreichung 


des 2:3-Dimercay anol bei gewissen Nervenerkrankungen. bei welchen 
cin ernontel 

Nach gabe des Cyst erne repulferten Dimercaptopropanollésung 
“ne neue a lische Stufe, 


300 m\ tiveren Halbstufeny ‘ntial (Abb. 13) > Stufe 


entstent 
bel cinem um 
entspricht der Summe der anwesenden Monothiolverbindungen (d.h. d 


j 
ng (IV) iC! weiche Gdurcn tellweise 


aus 1d der Thiolve ndu 
des Dimer 


Die Stufe de thiol ndung wi t mit der t an (Abb 


die Monot 
Abb. 14 e1 
Die Re 


Die an 
RSSR) 


Steict mercaptopropanoistule uber die Galvanometernullinie hinaus Dass 
uC Ke igelugten Cystins steige! ist aus 
chtiich uel Reak Msadiaul ert wurde) 
tion Lisst sich am beste inem R m pH-Wert 9 3 ctudierer 
mit Molen 2:3-Dimercaptopropanol reagieren. Fiir das Schema der Bam- 
CH, .CH.CH 
OH SH 
2 CH,.CH.CH 
RSSR 2RSH 
CH CH CH 
| DH SSH 
(V) 
ees Die Entstehung eines inneren Disulfids 0 Mischdisulfiden, bei welchen | 
: ein Mol Dimercaptopropa! nit einem oder sog; t zwei Molen des Cystins 
reavieren MuUSs Ac aovc 
Be ace ntersu K CLIK diesel iktior wurde ( cl eru en dass 
» de schwindigkeitsb ende Schri eine Reaktion zweiter Ord mit der 
oe ‘ 7 1 > 
Reaktionsgeschwindigkeitskonstante k, iimols (bei pH 9.3 und 20°C) ist | 
M. Caly S.3A P N Yor 
G. B Z. B. M Biochem. J. 41, 4 
I. M.K ff. W. Strick R C. Kap Soc. 77. 4733 (1055) 
r.W S. 45. A New $4 | 
B. Venne E. ¢ S. 105 A P York (1954 
E. Rack S. 165 A Pre N York 4). (Diskussionsbeitrag von E. S. G 
Barron.) 
oe * H. Neurath und K. Baile The Proteins Band 1. S. 913. Academic Press, New York (1953 | 4 


Studie der Reaktionen des 2:3-Dimercaptopropanols 


Der Reaktionsmechanismus kénnte z.B. der folgende sein: 


CH, .CH. CH, + RSSR CH, CH CH, 
OH SH SH OH SH S—SR 
CH CH, 


OH SH SH 


(Abb. 14, 


unterliegen 


ypanols mit Ch inderen Thiol- 


ei Dimercaptopropanol in nwart 


Die anodische 


von Chinon 
aptopropanols 
Mol Dimercaptopropanol:: len inon (Abb. | 


15). 
ie des D 


Ine neue anodische 


ife des Hydrochinons 


ZUSAMMENI 


panol (BAL) 
Kurven durch eine ; dische Stufe, welche einer Quecksilbersalzbil 


Bei héheren Konzentrationen als etwa 


1 Adso 


nungen geltend. 


G. H. Meguer 
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CH, CH: CH, 
wo k k, sein musste 
| OH SH 
Die Kinetik dieser Reaktion wird weiter studiert. Bei Cystiniiberschuss 
Ku ve nt di Hohe dei Monothiolstufe ab Monothi verbinduncen 
cil einer weiteren Reaktion mit Cystin 
Reaktion des Dimercaptopr 
verbindungen” \ erlauft auch 
eine schnelle 1:4-Addition 
verschwindet beim Verhiiltnis | 
van a Auf der Kurve entsteht keine St 
Stufe Monothiolverbindung (S), sondern lediglich die 
“oe entsteht, Kann der Reaktion nur folgendes Schema beigeordnet werden: 
O CH, -CH: CH S 
H, -CH- CH, SH 
OH H OH 
HO On 
Schiusst erune 
Es war mdéglic ( Bildung, die Bedingungen der Entstehung und die Zusam- 
rraphiscl yewelsen. Die gebildeten Verbindungen sind | fest die Bindung 
der Metalle an Proteine. Bereits eine aquivalente Menge des Dimercaptopropanols 
renugt Zu Lockerung praktisch des gesamten Metalls Der notwendige grosse 
Dimer iptop panoluberschuss, welche! Int Kat dure wermetalie 
en nuss st dgadurcn ac Ca ga D panol im 
Organismus der Reaktion mit verschiedenen Oxydationsmitteln unterliegt. Von den 
Reaktionen, die zur Inaktivierung des Dimer« propanols fuhren ké6nnten, wurde 
cel Ve Oxydatior durcl Wasserstofipers lund ¢ stin wwie aie Reaktion 
mit Chinon, wo sich eine 1:4-Addition abspielt, best : 
NG 
ung entspricht 
I 
ian J. A: Chem 77, 5019 (1955) 
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(2) Mit Hilfe dieser Stufe und weiter der Reduktions- bzw. anodischen Stufe 
der Komplexverbindung wurde die Zusammensetzung der Verbindungen zwischen 
Dimercaptopropanol und Schwermetallen studiert. Die Metalle der ersten analy- 


uuschen Gruppe bilden unldsliche Chelatverbindungen, die der Arsengruppe ldésliche. 


Das Verhalten anderer Metalle hingt von den Bedingungen ab 

(3) Es wurde bestiitigt, dass die Zugabe von Dimercaptopropanol die Metalle 
aus ihrer Bindung an Eiweissstoffe freimachen kann. Zur Lockerung der Metalic 
geniigt praktisch eine A4quimolare Menge des Dimercaptopropanols 

(4) Die grossen Tagesdosen des Dimercaptopropanols bei der klinischen Behand- 
lung der Intoxikationen durch Schwermetalle wurden durch Inaktivierung des gréssten 
Teiles des Dimercaptopropanols im Organismus erklirt. Es wurden einige Modell- 
ireaktionen fiir diese Inaktivierung studiert 

(5) Bei der Oxydation durch Sauerstoff entsteht bei pH 6 Wasserstofiperoxyd, 
das weiter mit Dimercaptopropanol in einer Reaktion zweiter Ordnung unter 
Entstehung des Disulfids reagiert 

(6) Durch Reaktion des Dimercaptopropanols mit ( 
Disulfiden auch Monothiolver bindunge geschwindigkei 
ist eine Reaktion 

(7) Durch Reaktion de nzochinons mit Dimercaptopropanol 
die anodische Stufe des mercaptopropanols. Es entst 
es findet eine 1:4-Addition st n Mol Di 
Chinon. An der Reakt bei pH 4 bis 


Gruppen des Dimercaptop 
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Abstract — Re 


ing of dioscorine has yielded a satur 
iiconol, the formatior I ni n ne p 


ductive degrada 


ated tertiary 
Ss proposed formula (1) for tne alk iloid 


n (VI) or (VID), of 


re (V1) 


therefore (XX) or its optical 


ITOXYy ropane, 


l'HE presence in dioscorine, an alkaloid of Dioscorea hispida, Dennstedt 
i\ked with an «/$-unsaturated lactone rins 
-red absorption studie 
lactone ring was O6- 
membered, originally proposed by Gorter 
degradations structure 


gations described bel 


lactone ring, show thi 


NMe CH” 


| 
| 


CHe—CH—CH 


(I) 
Reduction of j 
C,,H,.O.N, an un 


rinol 
" ly ] | 


dioscoru 


» lactone 
ring without attack of ethylenic bond t 


of ‘thylenic bond was 
confirmed by the infra-red absorption of th y ozonolysis, which gave 
glycollic aldehyde, identified as the p-nitrophenylosazone. This est 
sence of the grouping C=-CH’CH,OH in dioscorinol, and is consistent with the 


ablishes the pre- 
results of oxidative degradation of the alkaloid described earlier Accompanying 
(1956) 

168, 1090 (1951): J 


Cj 


(1953) 


Bas 3, 161 (1911) 
5S 1956) 
For a preliminary communication, see A. R. Pinder Chen 


10] 


2 is Incorrect The lactone and tropane SyStems are linked If I ne i P| 
eS. which the former is preferred for dioscorine. The behaviour of the alkaloid on Hofmann degradation 
can be explained on the basis of struct ye tertiary alcohol 
lioscorine is derived from and the (-)-base is 
enantiomorph 
of a tropane 
I 
in previous 
its dihydro- 
re and not 5- 
n and other 
The investi- 
es ow, which are concerned with the reductive degradation of the 
Eee this formula must be modified.® 
“CO | 
NMe CHOH 
CH; CH —CH-CH- CH. d 
\ 
CHs-C Me 
and Ind. 1240 | $7. 
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ey glycollic aldehyde was a basic keto-alcohol, the examination of which will be des- . 
ind tl for CH.CO 
in di On catalytic hydrogenation 
C..H..ON 
CH-CH 
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4 
rat —CH—ChH, CH2—CH CH 
CMe-cH,| | | “CHe—CMe 
| NMe CHe NMe CHz 
CHzCH———CH, CH,—CH CH, 
(YI) (Yi) 
2 Of the two structures (VI) and (VII), the former is more likely to represent dio- 
ios , 
2 scorine, on the grounds that it is derived fror -hydroxytropane, and several familiar 
alkaloids are known to have structures derived fi this base (e.g opolamine, 
. meteioidine*”) r hand. ; el iiKalold is Know ha a Structure 
derived from 2-hydrox par to ch | tructure (VII related. Formula : 
rt oe On the basis of formula (VI) for dioscor dioscorinol is (VIII, X = OH), | 
deox corino] H) nd dihydrodeoxyd 1X Anhydro- 
He CH He CH 
7-( XI! 
by Me + be be 
NMe 
H 
It n ¢ b of dioscorine on Hofmann 
a degrad: n | d \ er with the 
or ¢ ad ‘ ‘ ind tl © Cl free | ise H N This 
A. H / 87. $4 
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unusual mode of decomposition, which ts reminiscent of the behaviour of dihydro-/- 
ervthroidine on Hofmann degradation." 


formula (VI) for dioscorine 


mixture of the 


may possibly be explained on the basis of 
us follows Dio corime etl ohvdroxide iS probably an 
quaternary hydroxide (XIII) and th 


ie betaine (XIV): it 


ecause the compound in aqueous solution is 


tirely the 


e decomposition is prob 


probs climination of 
betaine (XIV), via methylene group, 


OH 


Transfer of 


Cleavage of 
N-C 


vyroup 
ammonium 
em, to tacit 


re (XV1),'* whicl 


cn i 


ALL 


on atom of the side-chain. 
( bond I hese Stay ‘ | I 


icilitated by the tendency to 


extended conjugated system in XVII), ich 


therefore represents the con- 
the C,.H,,N base. Tl 


he chemical properties of the b 


ind (XVII) is therefore in 
It is cor vable 


le, especially in the presence of an 
that 


ase, however, showed 
obability the main constituent 
alyst at a high temperature, 
uble bond isomers such as (XVIII) will also be present in the base, and this 


active Cal 


equilibrium 
cannot be betaine fort 
strongly basic. The first stage i 
water from the tertiary alcoholic 
UMe-CHa 
+NMe. CH, +NMeo CH, 
CH-CH——CH “HsCH——CH 
+NMe + NMe CH 
AYVi 
Me 
Pd 
NMe, CH; = 
=CH— ( M 
( XVI XVIII 
as the hydrogen atoms i which are activated Dy conjugation wilh the ' 
oe cation 1s now able, by the mechanism shown along | conjugated s | 
the decarboxylation of the acid to the intermediate structu s bil- 
met, ised by transfer of a pro 
and cieavage the N 
stitutl 
1 iS, ° A od C-metl inalys r this compound could not be obtained [compare E. J. Eisenbraun, S$ 
M. Mel B. F. Aycock J. Amer. ¢ 76, ¢ $4 
Bock ic. J. We tock, M. F. Grundon, G. L. Sauvasg J. Ag o J. Al Chem. Sov 
2B. R. Brown Quart. Rev. Chem. Soc. §, 131 (1951) 
as 
int) 


Further investigations on the lactone ring 305 


accounts for the ready formation of //-dimethylstyrene and isobutylbenzene when 
the base C,,H.,N is heated with palladised charcoal, as explained earlier.* 

It is interesting to note that dihydrodioscorine, when subjected to Hofmann 
degradation, yields a normal des-base; this would be expected because the y-methy- 
lene group is not activated by conjugation with the carbonyl group as in dioscorine, 
and the mechanism described above cannot operate. 

\ careful study, under high resolution conditions, of the infra-red absorption 
spectrum of dihydrodeoxydioscorinol (IX) in carbon tetrachloride solution showed 


a single band at 3651 cm~', with no internal hydrogen bonding; under the same con- 


ditions tropine showed a similar band at 3653 cm~', again with no intramolecular 
hydrogen bonding It is concluded that dihydrodeoxydioscorinol has an x-oriented 


hydroxyl group, and is therefore more accurately represented by (XIX) It is to be 


expected that the lithium aluminium hydride reduction of dioscorine, which involves 


NMe 
N 


NMe 


(XIX 


the cleavage of the carbonyl-oxygen bond, will not disturb the stereochemistry at 
C,,), so that dioscorine is represented by (XX) 

From the biogenetic point of view it would seem reasonable that dioscorine 1s 
formed by an aldol-type condensation between 7-ketotropane (XXII) and senecioic 
acid (X XI), which occurs in nature,'* to give the hydroxy-acid (XXIII), the methyl 


groups of senecioic acid being activated by conjugation with the carbonxyl group. 


Lactonisation of the hydroxy-acid affords dioscorine (V1). The view that senecioic 
acid is involved in the biosynthesis of dioscorine is strengthened by the fact that 
tropine senecioate has recently been found to occur to a small extent in the tubers 


of D. hispida. The biosynthesis of (XXII) presents a problem, there being as yet 


no knowledge of the way in which hydroxytropanes, other than tropine, are formed 


in the plant The ketone may arise from malic dialdehyde via a Robinson tropinone 


synthesis with subsequent reduction and oxidation 


CHe-CH CHo 


2 


(YI) 


1s B. L. Zenitz, ¢ M. Martin M. Priznar and | ( Nachod J imer. Chem. Sov 74, 5564 (1952). 
MY. Asahina irch. Pharm. 251, 355 (1913) 
Sir R. Robinsor The Structur Re ’ f Natural Products p. 63. Oxford University Press (1955) 


4% Sir R. Robinson J. Chem. S 111, 762 (1917): J. C. Sheehan, and B. M. Bloom J. Amer. Chem. Soc. 
74, 3825 (1952): A. Stoll, B. Becker and E. Jucker Helv. Chim. Acta 35, 1263 (1952). 
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CH, — CH——CHp Se 
Wn dailniniw Caducihioi fa ine \ suspension of 
at iemperature wi! 10 GIOSCO e (2-0 n di r (SO After 
Keep 10 1d ul Was GCCOIT sed by tl © Careful add lion ol 
Sium cardonate) and evar ited Ihe residual thic Ip WwW: distilled in a hulb- 
. j | 7 3 
tuDde, iving @ Vill xX OH {| (bath) ry 154 Af) 
(bi 2m (ba { mi (c 6&2 in chloroform) (Found 
eee C, 69-6, 69-5; H, 10-4, 10-2. C,,H,,O,N requires C, 69-3: H, 10-2 per cent) as a . 
(associated OH), band at 1653 (CC), and at 805 R,R,C—CHR,). Dioscorinol 
IS In walter, ng a stro y alkaline solutio it is sparingly sol 
ye nodules 160 (gecomp (Fo nd ( 50-2 H ( H () 
0 | (aecomy ri on material dried n 
pact C, 56-4; H, ¢ C..H.,O.N. requires C, 56-4: H. 6-3 ner cen Attempts to 
Man arot and hniodide gave products 
Giluted will el (100 na ACh ai | if il liter 
t: cl odide test was ve Th ya ley 
pressure at 15—20 the residue treatec ‘ wat Ripe d mixed 
with a centrated etn ion of trop lrazine (4-0 ¢). After warn 
er: ing t olution on the ter for 3 late wv 
wil wat and dried Wsation | n nitro 
g), m.p. 310—311°> (decomp.) alone or mixed thenti 
givoxal bis-p-nitropheny ydrazone (m.p +1] obtained fror rl Vc ic aldehvde 
Keduction of dios (a) Di corino! (0-5 @) ethanol (10 cm*) was iken 
fees. in hydrogen at room te nperature and pressure with 5 per cent palladised charcoal 
7A. Wo and N Re Disch. 33. 3107 (190K 
» H. O. L. Fischer and L. Feldman Ber. Dtsch. Chem. Ges. 62, 854 (1929) 
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(0-5 g; Baker Platinum Co.). After 2 hr absorption had ceased (1 mol absorbed), 
and the solution was filtered and evaporated. The residue distilled at 160-165 
(bath)/0-05 mm (0-5 g). The picrate had m.p. 144°, with previous softening at 138 
alone or mixed with the picrate of dihydrodioscorinol, obtained by the lithium alu- 
minium hydride reduction of dihydrodioscorine.* 

(b) Dioscorinol (2-6 g) in ethanol (15 cm*) was added to liquid ammonia (300 
cm”), and the solution stirred vigorously during the gradual addition of sodium 
(3-0 g) in small pieces over 30 min. After stirring for a further 30 min, 75 cm® of water 
was added cautiously, dropwise, and the ammonia allowed to evaporate overnight. 
\ few pellets of potassium hydroxide were added, the solution extracted thoroughly 
with ether, and the extract dried with potassium carbonate. Evaporation of the sol- 
vent gave a syrup, which was separated by distillation into two fractions. The main 
fraction, distilling at 123-125 (bath)/0-3 mm, 97-98” (bath)/0-1 mm, 87-—88° (bath) 


0-04 mm (1-6 g) [a] 23-0" (c 2:3 in chloroform) (Found: C, 74:3; H, 11-4; N, 6°9. 


iD 
C,,;H,ON requires C, 74-6; H, 11-0; N, 6°7 per cent) was deoxydioscorinol (VIII, 
X =H). Infra-red absorption (in carbon disulphide): bands at 3598 (non-bonded 
hydroxyl), 2804 (N-methyl), 823, 806, and 754 cm~' (trisubstituted ethylenic bond). 
Deoxydioscorinol is a strong base, slightly soluble in water. The methiodide, prepared 
by mixing the base with an excess of methyl iodide, was formed very readily and 
crystallised from a large volume of acetone in clusters of elongated prisms, m p. 


191-5-192° (Found: C, 48:2; H, 7°6. C,,H,,ONI requires C, 47-9; H, 7-4). The 
picrate separated from methanol in glistening yellow elongated prisms, m.p. 112-5 
(Found: C, 51-8; H, 60; N, 12:7. C,gH.,O.N, requires C, 52-05; H, 5-9; N, 12-8 
per cent) 

A higher-boiling fraction distilled at 160—165° (bath)/0-05 mm (0-75 g). It was 
converted to its picrate, which crystallised from methanol in yellow prisms, m.p 
144 , with pre ious soltening at 138 alone or mixed with a spec men of dihydro- 


dioscoring picrate.* 


Dihva eoxydioscorinol (1X). (a) Dioscorinol (2°55 g) dissolved in N hvydro- 
chloric acid (40 cm”) was shaken in hydrogen at room temperature and pressure 
DI reduced plati IC oxide catals t (0-4 7) (Ba eC! *latinum Co punt ibsorption 
ceased (about 6 hr 2 mols ibsorbed) The solution was filtered, basified with 
potassium hydroxide and extracted with ether. Evaporation of the dried (potassium 
car be late) eXtract gave (1X which distilled al 104 105 
(bath)/O-15 (2-45 g), 21-3" 2°35 in chloroform) (Found: C, 73-6; 
H, 11 N, ¢ CMe, 3:1. C,,H.<ON 1 ( 3-9: H, 11-8: N, 2CMe 
14-2 p Infra-red absorp (in ¢ ide): single droxyl band 
at Sl cn ith no ¢ yd nd Di lrodeoxydiosco lis a 
stre pa Sil tel The ) ed \ xing pase 
with methyl! 1odide, separated from acetone-light petroleum b.p. 80-100") in clusters 
of prisms, m.p. 162° (Found, on material dried at 100° in vacuo: C, 47-4; H, 7-7: 


N, 3°9. C,,H,gONI requires C, 47-6; H, 7-9; N, 4-0 per cent). The picrate, prepared 
in methanol solution, crystallised from methanol in glistening yellow plates, m.p 
107-5—-108° (Found, on material dried at 78° in vacuo: C, 51-8: H, 67: N, 12-9. 
Cy requires C, 51:8; H, N, 12-7 per cent) 


(b) Deoxydioscorinol (0-5 g) in N hydrochloric acid (15 cm*) was shaken with 


pre-reduced platinic oxide catalyst (0-1 g) in hydrogen at room temperature and 


: 
. 
| | 
j 
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pressure. After 2 hr absorption (1 mol) had ceased. The solution was filtered. basi- 
fied, and extracted with ether. I vaporation of the dried extract gave dihydrodeoxydio- 
scorinol, b.p. 100-101" (bath)/0-1 mm (0-5 g), picrate m.p. 107-5—108° and methiodide 
m.p. 162°, both alone or mixed with the respective derivatives obtained as in (a) above. 
Identity was confirmed by comparison of the infra-red curves of the two bases 
Dihydrodeoxydioscorinol was recovered unchanged when heated at 65-70° in 


acetic acid solution for 2} hr with chromic acid, and also when warmed with 


glacia 
acetic anhydride in the presence of pyridine 

Oxidation of deoxydioscorinol (a) Deoxydioscorinol (0-1 g) in § per cent sul- 
phuric acid (50 cm*) was heated to boiling and a 1-5 per cent aqueous solution of 
potassium permanganate (80 cm”) added dropwise during 5 min, the boiling being 
maintained whilst about 35 cm? of distillate were collected in an ice-cooled receiver." 
rhe distillate was mixed with an excess of a saturated solution of 2? 4-dinitrophenyl- 
hydrazine in dilute sulphuric acid and kept for several hours. The yellow precipitate 
was collected, washed with water, dried, and crystallised from ethanol. from which 
it separated in orange-yellow needles m p. 167—168 , alone or mixed with an authentic 
specimen of acetaldehyde 2:4-dinitrophenylhydrazone (m.p. 168°). Later fractions 


of the distillate gave forn aldehyde 2 4-dinitrophenylhydrazone identified as pre- 


viously,* arising [rom oxidation of the N-methyl group 

(b) Deoxydioscorinol (2-0 g) in glacial acetic acid (15 cm*) was ozonised at 0—5 
for 3 hr. Water (10 cm*) was added. followed b inc dust (4-0 g), and the mixture 
Shaken for 2-3 hr. The filtered solution was mixed with excess of a saturated solution 
of 2 :4-dinitrophenylhydrazine in dilute sulphuric acid and kept for severa ours 
The prec pitate was collected and identified as acetaldehyde 2:4-dinitrophenyl- 


hydrazone as in (a) 


1) vdrodihydrodeoxyvdioscorino (X) Ol (XI \ solution of dil ydrodeoxvdio- 


scorinol (0-5 vin dry ether {) cm”) was added drop vise to thionyl ¢ orid (lg In 


solvent was evaporated, the excess é yi chloride removed in va uo. 
and the syrupy residue taken up in water, a neutral turbidity being removed with 
ethe I vaporation of the dried extract gave the anhydro-/y we. b.p i244 18 mm, 


128°/21 mm (0-35 g) (Found: C, 80-5; H, 11-5; N, 7:3. C,.H..N requires C, 80-8 
H, 11-9: N, 7-25 per cent). Infra-red absorption (liquid film) probably at least 
two types of C=-C bond present; bands at 1635 and 1665 cm~! The picrate crvystal- 
lised from 50 per cent ethanol in glistening, yellow needles, m p. 118° (Found: C, 
34:1; H, 61. CygHygO,N, requires C, 54-0; H, 6-2 per cent) 


10 (X11) The foregoing anhydro-base (0-35 2) 


inhydrotetrahydrodeoxydiose 


in glacial acetic acid (15 cm*) was shaken with pre-reduced platinic oxide catalyst 
(50 mg) in hydrogen at room temperature and pressure for 12 hr. The absorption 
(1 mol) had then ceased. The solution was filtered, basified, and extracted with ether 
Evaporation of the dried extract gave anhydrotetrahydrodeoxydioscorinol, b p. 135 
24-25 mm (0-35 g). (Found: C, 80-1; H, 7-7. C,,H.,N requires C, 80-0: H, 7°8 per 
cent). The base was stable to cold. acid potassium permanganate. The picrate 
separated from 50 per cent methanol in glistening yellow needles, m p. 116° (Found: 
C, 53-5; H, 6-7; N, 13-0. C,gH,,O,N, requires C, 53-8; H, 6-6; N, 13-2 per cent). 

‘* T. M. Reynolds and R. Robinson J. Chem. Soc. 594 (1934) 
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Abstract — Methy! 5-hvdr vacmatommate (XIX) and methyl 5-hydroxy-//-orcinolcarboxylate (X11) 


. nn tion of paranuclear ox tion using methy! | 


are convenic Vi rematommiate and 


methyl! $-orcin cvlate respectively in go prefere al acylation of the hydroxyl in the 
S$) position and by emp ng this property, synt of d thy! thamnolate (XVIII) and 


dimethyl hypothamnolate ‘cn accomplished 


IN an earlier paper’ on the biogenesis of lichen depsides and depsidones, it was pointed 
out that meta depsides were invariably produced when the orcinol unit forming the 
right half (A of formula 1) had undergone nuclear oxidation involving the 3 or the 5 
position. Both types are known. Sckikaie aci homosekikaic acid (I1), ramalin- 
olic adid (111) and boninic acid (1V) are examples of the first type, and the orcinol 
unit forming the A part provides a meta hydroxyl group in the 3 position. Thamnolic 


acid (V) and hypothamnolic acid (VI) belong to the second type, where the meta 


hydroxyl gro sin the sition: the ut ly a p-orcinol derivative and 


hence oniv the 5S posiion can ul dergo oxidatior 


After wsideration activity of th ied the view was 


expressed that 
formation adic, a 


depside results It lavoure 


compared with a pa n the C, component 


The correctness of the ' up t by t lume publication, which 


came to our notice much later, describing the laboratory synthesis of ramalinolic acid 


(111 and dimethyl hypothamnolate (VI1),? in which use was made of the preferential 


meta acviatiion 
rk. S 

Asa 

Y. Asal 


74, 824 (1941) 


i 
MeO /OH MeC {C,H RO" OR RON, 
Me Me 
CO.R 
V.R=H;R=CHO 
XVII .R=Me;R=CHO 
the 
roc. Indian Acad. Sci. A 19, 1 (1944 
Kusaka Ber. Dtsch. Chem. Ges. @, 1896 
3 uzikawa and H. Aok Ber. D Chen. Co. 
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In continuation of our earlier paper on the role of nuclear oxidation in the bio- 
genesis of lichen acids,* the synthesis of dimethyl hypothamnolate (VII) has now been 
re-examined with the result that considerable simplification has been effected. Further 
by these means, the synthesis of a more complex meta depside viz., thamnolic acid (V) 
as its dimethyl ester (XVIII) has also been accomplished. 

In exploratory experiments, a simpler case studied was the monobenzoylation of 
methyl 5-hydroxyorsellinate (VIII). The product obtained contained the benzoyl 
group linked to the 5-hydroxyl group (IX), since on complete methylation, it yielded a 
dimethyl ether which agreed with methyl 2: 4-dimethoxy-5-benzoyloxy-6-methyl- 
benzoate (X) prepared earlier by Asahina and Kusaka® by a different and unambiguous 
route. They started from 2 : 5-dihydroxy-4-methoxy-6-methylbenzaldehyde (XI) and 
proceeded through the stages indicated below. 


HON oH Meo Jome 
[IX 


x ¥ 


Me Me Me 
HO CO,Me «Bz o7 Me B207 
H OH 

Vil 


Me 

~ 
Bz07 


Me 
Ho 


Me Me 
CHO Bz07 CHO 
Me OH JOH MeO OMe 


x! 

The next example studied was the 1 acylation of methyl 5-hydroxy-/-orcinol- 
carboxylate (XII). This compound has nov en readily obtained by the nuclear 
oxidation of methy! orcinolcarboxylat with alkaline potassium persulphate 
The earlier svnthe ompound was made starting from p-xyloquinone and 
passing through a laree nui c I Stey ondensation of (XII) with one mole of 
y-6-met benzoyl chloride (XIV) pre- 
pared by the method of Asahi a lave the ci ethoxy derivative of dimethyl 
hypothamnolate (XV), which on decarboct! vial gave dimethyl hypothamnolate 
(VII) 


been 
consider! 
corn pound 


*K. Ag 
Y_A 


— 
4 
at 
ot 
4 
; Ve Me Me Me 
/O0CO,Et HO OH COL t HOS, /OH 
Ww 
CO.Me Me CO,Me Me 
XIV XI XV 
The monobenzoyvlation of methyl 5-hydrox orcinolcarboxyvlate (XII) has also 
al d out and on the basis of the above analogy, the benzoyl group has been 
an o be linked in the 5 position (XVI). TI as been used later as a reference 
j hy and T. S Ind \ 35, 1952 
sh ind T. Kusaka Bull. C) 17, 158 (1942 
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Me 


me oDtained Dy t al te via morn ik inoicarboxviale 


(XVI). Hence. in methy! 5-hydroxvhacmat nate also, the benzoy 


group should have entered ne 5 position (XXXVI) and the projected synthesis of 


B 
Ber 
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Me Me Me 
CO, Me CO.Me Bz 
ALA LAY i 
d the 7 
e (XXIV ported eld the 
Me Me ~ 
CHO Et Let 
| 
wee In order to make sure of the position of partial acylation, the monobenz tion of 
methyl! 5-hydroxyhaematommate (XIX) was first effected. The monobenzoy! deriva 
Loon. tive. when subjected to the Clemmensen reduction yielded a compound identical with ; 
sy Asahina and M. ag i Disch. Chem. Ge 66, 393 (1933) 
Y.A ind Y. Sakurai Dtsch. Chem. Ges. 71, 2561 (1938 
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thamnolate seemed to be feasible Conder sation of the acid cl loride ' XIV } 
alc (XTX) cided a carbocthoxy derivative which 
ate (XVIII) identical in every respect 
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dimethy! 
With 
on cc cal ‘ 
than rhe i\ d omet} if wrdine to th thad wf 
des what has been mentor cd above ai preierential formation and 
he aa great ibility of a depsides, may be mentioned the cat vork of I er and 
iva R Critcl H d ir trans 
gd. Asa e ip im 
the structure (XXVII dro. i4 bec nore 
Me Me Me 
> 
Me ~ ~ ~ A 
Ae d 
XX\ 
xxx 
Bz P 
XXXII 
*H. Le 460, 1 (1928 
be. E. j Che 51. 45 18 
j A cy DH =. ( 21 (195) 
G. Bars dl. M ( 45,9 
* * F. S. H. Head and A. Robertso J. Chem. S 1266 (1939) 
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EXPERIMENTAI 


Methyl 5-benzoyloxyorsellinate (1X) 


A mixture of methyl 2 : 4 : 5-trihydroxy-6-methylbenzoate* (2 g), benzoyl chloride 
(1-4 cm*) and pyridine (2 cm*) in dry ether (100 cm*) was left at room temperature for 
18 hr. The ether solution was washed successively with dilute hydrochloric acid, 


water, and saturated sodium hydrogen carbonate solution and dried. Evaporation of 


ether gave the benzoate as a solid which crystallised from methanol as colourless prisms 
and needles, m.p. 212-213 (2 g)(Found: C, 63-9; H, 4-6. C,,H,,O, requires C, 63-6; 
H, 4-6 per cent). It produced a blue colour with ferric chloride-and a yellow solution 


with aqueous sodium hydroxide 


Methyl 2 : 4-dimethoxy-5-benzoyloxy-6-methylbenzoate (X) 


Methylation of the above ester with dimethyl sulphate by the acetone—potassium 
carbonate method for 12 hr gave the dimethyl ether, which crystallised from alcohol 


as rectangular tablets, m.p. 156-57". It did not give any colour with ferric chloride or 


aqueous sodium hydroxide. Asahina and Kusaka’ gave the same m p 


Methyl (X11) 


A solution of methyl /-orcinolcarboxylate™ (5 g) in aqueous sodium hydroxide 
(10 per cent; 40 cm”) was treated at 0° with stirring for 2 hr with aqueous potassium 


persulphate (6 per cent; 100 cm*); the mixture was kept at room temperature for 


24 hr, acidified to Congo-red with concentrated hydrochloric acid, and extracted with 


ether (5 100 cm”). The ethereal extracts were dried and evaporated to yield the 


unchanged ester (1 g). The aqueous solution was treated with more concentrated 


hydrochloric acid (30 cm*) and sodium sulphite (2 g), heated at 80° for | hr, cooled, 


saturated with sodium chloride, and extracted with ether (5 200 cm*). The ether 


extracts were dried and evaporated and the solid residue was crystallised from ethyl 


acetate—light petroleum (40-60°). The /Aydroxy ester was obtained as colourless 


needles, m.p. 151-152°. Asahina et al. gave the same m.p. It gave a red-brown 


colour with ferric chloride and a purple colour with traces of alkali. The triacetate 


formed colourless needles from ethyl acetate—light petroleum (40-60°) m p. 197-198 


Asahina et al. (/oc. cit) gave the same m.p 


Dimethyl hypothamnolate (V11) 


A mixture of 2-ethylcarbonato-3-carbomethoxy-4-methoxy-6-methvlbenzov! chlo- 


ride’ (0°55 g), methyl 5-hydroxy-/-orcinolcarboxyvlate (0-35 g) and pyridine (5 cm’) 


in dry ether (100 cm”) was left at room temperature for 20 hr. The ether solution was 


washed successively with dilute hydrochloric acid, water and saturated sodium 


hydrogen carbonate solution. The residue obtained on ev iporation of the ether was 


dissolved in acetone (10 cm”*), treated with N sodium hydroxide (20 cm?*) and kept at 


room temperature in a hydrogen. atmosphere for | hr. Acidification with dilute 


hydrochloric acid gave dimethyl hypothamnolate which crystallised from benzene as 


colourless prismatic needles, m.p. 200° (Found: C, 57-8; H, 5-3. Calc. for C,,H,.O,, 


C, 58-1; H, 5-1 per cent). It gave a purple colour with ferric chloride and a purple 


SW. B. Whalley J. Chem. Soc. 3278 (1949) 
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solution with alkalis. Asahina et al/.* gave the m.p. 197-198" and reported similar 


colour reactions. 


Methyl 5-benzoyloxy-p-orcinolcarboxylate (XVI) 

The condensation of benzoyl chloride with methyl 5-hydroxy-/-orcinolcarboxylate 
was carried out as described previously using equimolar quantities of reactants. 
The monobenzoate crystallised from benzene as colourless needles, m.p. 176-177 
(Found: C, 64-3; H, 5-2. C,,H,gO, requires, C, 64-6; H, 5-1 per cent). It gave a 
transient purple colour with ferric chloride and a purple solution with alkalis. 


Methyl 5-hydroxvyhaematommate (X1X) 

rhe experimental procedure was similar to that described for methyl 5-hydroxy-/- 
orcinolcarboxylate. Methyl haematommate™ (6 g) yielded unchanged material (1 g) 
and methyl 5-hydroxyhaematommate (1-5 g), yellow prisms (from ethyl acetate), m.p. 
150-152° (Found: C, 53-7; H, 5-0. CygH yO, requires C, 53-1; H, 44 per cent). 
It gave an intense green colour with alcoholic ferric chloride and a yellow solution 


with alkalis 


Methyl 5-benzovyloxyhaematommate (XXV1) 

The condensation of benzoyl chloride and methyl 5-hydroxyhaematommate was 
carried out using equimolar quantities as described before. The benzoate crystallised 
from alcohol as colourless flat needles, m.p. 152-154" (Found: C, 62:2; H, 45. 
C,,H,,O0,; requires, C, 61-8; H, 43 per cent). It gave wine-red colour with alcoholic 


ferric chloride and a yellow solution with alkalis 


Methyl §-benzovloxy-}-orcinolcarboxylate (XV1) by Clemmensen Reduction 


To a mixture of the above benzoate (1 g) and zinc amalgam (20 g) in alcohol 


(25 cm*), was added dilute hydrochloric acid (2 : 1; 30 cm*), and the contents were 


refluxed for } hr. The amalgam was removed by filtration. The filtrate on cooling gave 
methyl 5-benzoyloxy-(-orcinolcarboxylate which crystallised from benzene as shiny 
thin needles, m.p. 176-177° alone or on admixture with the sample described 


previously 


Dimethyl thamnolate (XVIII) 

The condensation of 2-ethylcarbonato-3-carbomethoxy-4-methoxy-6-methyl- 
benzoyl chloride (0-75g) with methyl 5-hydroxyhaematommate (0-5 g) was carried out 
as described in the case of dimethyl hypothamnolate. Dimethyl thamnolate was 
obtained as colourless prisms from benzene—light petroleum, m.p. 160° (Found: C, 
56-4; H, 4-9. Cale. for Cy, Hy_O9,,, C, 56°3; H, 45 percent). It gave a wine-red colour 
with ferric chloride and a yellow solution with alkalis. A mixed m.p. with an authentic 
specimen of dimethyl thamnolate, m.p. 158° prepared from thamnolic acid by esterifi- 
cation with diazomethane according to the method of Asahina et a/.* showed no 
depression. The infra-red spectra in chloroform solution of the natural and synthetic 


specimens were identical in the 5—7 mw region. 


Methyl 2:5-dihydroxy-4-methoxy-6-methylbenzoate (XXVIII) 


A solution of methyl 5-hydroxyorsellinate (0°6 g; 1 mol.) and dimethyl sulphate 
(0-3 cm*; | mol.) in dry acetone (50 cm*) was refluxed with anhydrous potassium 


“4 Y. VY. K. Sastri and T. R. Seshadri Proc. Indian Acad. Sci. A 12, 502 (1940), 
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carbonate (2 g) for 12 hr. The acetone solution on evaporation yielded the methyl 


ether as a solid which crystallised from alcohol as colourless needles. m p. 154 \ 


mixed m.p. with an authentic specimen of (XXVIII) described in an earliet paper* 


showed no depression. It gave a transient blue colour with ferric chloride which 


changed into green 


43 
{ck now le ment rratef thanks are due to D ( Wachtmeiste nd Prof. S. Shibata 
lor a generous ry cid, ar to Dr. B. D. Saxena of Natio Physical Laboratory 
bet of Ind for the infra-red spec 
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Abstract—In this paper the tautomeric equilibrium ketonic and cis- and trans-enolic forms of /- 
dicarbonyl compoun is considered as an acid-base protolytic one a ation of the 
Brensted—Izmavlov theory has enabled t vest a general equation for keto—enol 
ulibri 


ul 


eql 


in ynstants, depending on tl ivent, t we nown Meyer's equation being included in 


solvents of keto—enols of three types, | ad frans-Tixed and tnat g both stereo- 
isomeric forms 4 method for quantitative determination of cis-frans-enol equilibrium had been 


pr oposed 


THE application to problems of tautomerism of the theory of protolytic acid-base 
equilibrium proposed by Bronsted! and recently further developed by Izmailov,*:*»*: 
as bee e subject « evious papers e present authors*” ch a quan- 
has been the subject of previous papers by the present authors®~” in which uan 


titative interpretation of the ionic theory of tautomerism has been discussed. 


This theory was first put forward by Wislicenus,'® and in recent years Lapworth, 


Lowry, Ingold et a/. and Baker" have studied the qualitative aspect of the 
theory starting from the concept of the formation of a “common ion” (by ionic 
dissociation of tautomeric forms) which is capable of recombination with oppositely 
charged ions at two points of the molecule 

Similar ideas were formulated by Arndt and Eistert,’’-’® who investigated the 


pk 1S, pA 1S, const. 


relation between the structure of Keto-enols, acidity, solvation and enolisation. The 


Translat yA. l Pumpiansky Moscow 
N. Bror sted Chem. Re 5, 291 G1 28) 
N. Bronsted Z. Phys. Chem. A 169, 32 (1934) 
A. Izmailov Zh. Phys. Khim. SSSR 23, 639, 643 (1949) 
A. Izmailov Zh. Phys. Khim. SSSR 24, 32 
A.Izmailov Proceedings of the Kharkov University, U.S.S.R. Chemical 
(1953) 
I. Kabachnik Dokl. Akad. Nauk. SSSR 83, 407, 859 (1952) 
Kabachnik and S. T. Yoffe Do/ f4kad. Nau SSSR 91, 833 (1953) 
I. Kabachnik Problems of organic reaction mechanism. Proceedings of the Kiev Conference held on 
2—5 June 1952 Pp 126. Kiev (1954) 
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Baker Tautomerism London (1934) 
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it as a particular case Equilibs um constants ha been bromometrically ‘termined in a number of 
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relation between acidity and enolisation has proved to be of great importance to this 
problem, and in this connection the investigations of Schwarzenbach'*~” should be 
mentioned 

We have based our investigation on the following concept. If the tautomeric 
equilibrium is an ionic one and consists in the transfer of a proton from one point of 
the molecule to another by proton transfert ing particles then, irrespective of the kinetics 
of this transfer, the conditions for tautomeric equilibrium should be determined by the 
equilibrium of the ketonic and enolic forms as acids with the corresponding ions, 
in the simplest case—with their common enolate—anion and solvated hydrogen ions 
The tautomeric keto-enol equilibrium should then obey the laws of equilibrium 
exhibited by ordinary acids and bases. Experiments show this to be the case 

According to Pedersen,*' keto-enol equilibrium can be represented as a triple 


buffer svstem 


KH HS* = EH 


(with AH-ketone, EH-enol, E--enolate-anion. S and HS*-solvent and respective 
cation). Tautomeric juilibrium constant can then be designated in terms of the 
acidity constants 


EH 
AH 


where &, an are thermodynamic acidity constants of ketone and enol, /,-« and 
the respective activity cocflicients he ; lies being referred to a standard 

to all solvents, / : and k, do not deper lon the lun Chis relationship 
general one and 1s applicable to any prototropic toni 1utomeric system such as 


enolisability 


thermodynan tautomeric 


namic acidity 
equilibrium 


ratio hifling mh lval Ori the the lant of the 


tautomeric cq 1 ther very larec ill, the change in the factor /,-<//, 


does not seni cl nhidbrium rat ted to one side practically 


in all medi ion. cal an tromethane’’ and 
others) 


The effect ol the | ni represented in 


= 
a 
AS A AS re 
nie lactim-lactams, thione-thiols and others. The factor k, a 
oo of the keto-enol as sucl It may be termed “the 
equilidrium constant 
A 
OF wae 3 This factor shifts the equilibrium to the form with the smaller thermodyn 
me 
constant he factor f refers to the nfl oft mon on i} 
ts. Sct Chin ‘ 23 4 
‘G.s 27. 1049 1944 
M. 1. Kal Yu. N. Sheinker Zh’. Obechei Kh SSSR 26, 2025 (1956) 
D. Turnbull and S. Amer. Chem. S as 
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terms of the Bronsted equation’? which gives the following linear relationship between 
the logarithms of the ionisation constants in two solvents, S, and S,: 


Pk as, = Pk as, + const. 


This relationship with tgx = 1 has been repeatedly checked experimentally. As 
formulated by Izmailov, the value of the constant C remains the same for acids of 
one chemical type such as carboxylic acids, phenols, sulphonic acids, etc. For ketones 
and enols being acids of different chemical types, two simultaneous equations are 
required : 

pk x s, = Pkxs, + const., 

PK es, = PKes, + Comst., 


Hence, tautomeric equilibrium constants in two solvents, S,; and S, must also display 


a linear relationship: 


PK ys, (1) 


This relationship has been confirmed for a large number of keto-enols in various 
solvents. It is also of a general nature. Thus, for example, the linear relationship with 
(go | is also observed for tautomeric equilibrium constants of acylaminopyridines 
and acylaminothiazoles.” 

Meyer’s empirical relation*’ 


Kis 


can readily be deduced® from equation (1) 
At the same time there are instances in the literature where Meyer's relation does 


not hold, such as ethyl formylphenylacetate in hydroxylic solvents, “the trans-fixed”’ 


enols of Evstert [his for example, in the case of ethyl! formylpheny! icetate 1s due to 


the formatior ivdrates or hemiacetals, and in other more general cases to steric 
peculiarities of the et c structure Accordance with an leviation from Meyer's 
equation depend in general « st isomeris! e present 
investigation 1s devoted he fundamental an 


point 


. 
EY 
: Bromometrical determination of the keto-cnol quilibrium constant ctually 4 
results in the sum oft « ind /rans-cnoiK mcentrations Ihe tautomeric ¢ nudrium 
constant 
H | 
KH] 
can be represented a im of constant 
App vine the Bronsted-] theor to the icid-hasc by under 
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their 1onisation constants in any two solvents should be represented respectively as 


for ketone 


lor s-cnol 


the 

and 

frans-ecnol 

e values ind Y ar i he equi onstants of two 


} olisation. Constants 4 and 


chosen keto-cnols taken as standard for « 


x 
on 
A 
a 
4 
pk ee = + C’; 
Hence we ha two cquations 
cig 
Apply ihe same reaso iS used Dy One OT us ac Meve cgquation to 
i 
. 
23 4 5 
tne Drium of two tor s (ketonic gd only enolic) e obtain twe d fTerent 
equal ons 
for keto-cis-enol equilidriu 
hae Hence, for overall keto-enol equilibriun 
i ea This equation diflers from that of Meyer by an additional term 4°’ referring to 
keto-cnol to cis-et 
/ genote the en 
For each solvent. 
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Taste 1. ENOL CONTENT IN “cle-PrKrt AND ACYCLIC KETO-ENOLS (PER CENT) 


) 
CH.OH H,OH C.H.OH C,H C.H,, 


CH .COCH COOC 20 4 
co 
COCH 45.9 () 
CH 
‘ \ 
Cl 
| 4 cApe ested a K Oul a etnod 
‘ 
dete e é solute Ss necessary to 
chHnoose rad xeto-cn ( and espc Cris Sal 
Meve wn to ive pplied as standard keto-enol ac macelale Ihere 
were TC ons t erieve sation ol cetoacetate to De predo 
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SUDSLANCYES Call age ony ¢ ‘ ( c UCL CU tiie 
ring. Such substances have been named by Eustert as ‘“‘cis-fixed’’ enols. Determina- 


tions were carried out using Meyer's bromometrical back titration method*™ and 
directly, following Hesse and Krehbiel™ with | per cent solution containing 0-06-0-08 
mole/l., at 20°C. Data obtained are listed in Table | with some comparative literature 
values given in parentheses 

By plotting, as shown in Fig. 1, the ethyl acetoacetate equilibrium constant in 


different solvents (Meyer's # constant) against that of other keto-esters listed in the 


N. V. Sidewick J. Chem. Soc. 127, 907 (192 
P. Nac Z. Phys. Chem. A182, 208 (1938 
K. Meyer Ber. Dtsch. Chem. Ges. 45, 2846 (1912) 

G. Hesse and G. Krehbic Liebigs Ann, 593, 35 (1955) 
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Table, it will be seen that the results obtained are in agreement with Meyer's original 


equation, all straight lines passing through the origin there being a satisfactory linear 


relationship. As two of the cited cyclic keto-enols lead only to “fixed” cis-enols and 
there also exists evidence about cis-enol being formed in benzoylcamphor, it may be 


concluded that, within the accuracy of the bromometrical method, it is possible to 


consider ethyl acetoacetate and ethyl benzoylacetate as substances forming only or 


almost exclusively cis-enols. This, of course, refers to all keto-enols which agree well 


with Meyer's formula 


Ethyl acetoacetate can this be retained as the standard substance for cis-enolisation. 


As standard substance for trans-enolisation any “‘trans-fixed”’ enol described bv 


Eistert and Reiss can be used. These authors proposed as “‘trans-fixed” enols cyclic 


}-dicarbonyl compounds, which, for steric reasons can produce only trans-enolic forms 


In the investigation mentioned above Eistert and Reiss found that the enol content of 


their compounds decreased from water to hexane being the converse of that found by 


Meyer. But, as the authors state, their bromometrical data were neither reproducible 


TasBLte 2. ENOL CONTENT IN “frans-FIXED™ ENOLS (PER CENT) 


Solvents 


Keto-enols a7 


CH,OH 


CH,OH CHC! C,H,OH C,H, 


not dis 


CH,CH 


C.H,CH 


not dis not dis 


nt was determined by the authors from ultra-violet absorption spectra 


of methanol solutions acidified with HCI after exposure for 24 hr. Such conditions lead to enols producing 


methyl ethe pectra of the latter being rather similar to those of cnols 


The sample has been kindly supplied by S. I. Zaviyalov 


4 
C,H,—_CH—CO 
oO 96:1 06-5 96:1 96-1 
CO—CH 
CO—O CH 
CO—O CH 
i 
CO—O CH, 
71-5 73-5 73.3 70-2 
CH 
4 
CH,—CH 
CH—CO 
CH 
i 
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nor exact owing to the rapid re-enolisation of bromo-ketones during the bromo- 
metrical determination. Their spectroscopic data is also doubtful.* We have therefore 
determined the enol content in various solvents of such “‘trans-fixed”’ enols, which do 
not undergo re-enolisation in the course of bromometrical determination. In Table 2 


ltra-violet spectra of cyclic isopropylidene alkylmalonates 
sopropylidene methylmalonate in methanol 
Idem in ethanol 

opropylidene ethylmalonate in methanol 


Idem in ethanol 


40 


vem ) 


ltra-violet spectra of ethyltetronic acid 
I in water 
Il in methanol 
lif in ethanol 


the bromometrical data of the enol content are given for such keto-enols, using the 
direct method. 

The consistency of tautomeric equilibrium constants of ethyl tetronic acid in water, 
methanol and ethanol and cyclic isopropylidene aklylmalonates in alcohols is substan- 
tiated by ultra-violet spectra (Figs. 2 and 3).* 

* The spectra were supplied by the Optical laboratory of the Institute of Organo-element compounds, 
headed by I. V. Obreimov. 
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It follows from the data obtained that ’ is independent of the solvent and the 
following equation can be derived for keto-enols 


Krs = €F (4) 


If the keto-enol produces only a cis-enolic form then 4, 0 corresponding to the 
usual Meyer formula (linea relationship between K rs and #; the straight line passes 
through the origin). If only trans-enol is formed. then ¢ 0 and the equilibrium 
constant does not depend on the type of solvent used. Finally, if in the tautomeric 
equilibrium both enolic forms are present together with the keto form, the relationship 
between K,.. and # must remain linear, but the straight line cuts on the axis Y an 
intercept ¢ ,. Having determined the keto-enol equilibrium constant in a number of 
solvents with a known , the cis-and trans-form ratio can be calculated 

his has been checked on keto-enols known to contain cis- and trans enolic forms. 
such as a and +-substituted acetoacetic esters. studied by Henecka.™ Whilst 


z-methyl or a-ethyl substituted compounds readily form brightly coloured iron 


compicxes, x-isopropyl derivatives as well as, according to our data. x-secondarv 
butyl derivatives fail to react with ferric chloride or react very sluggishly At the same 


lume, as shown by bromometrical evidence, all these substances contain a definite 
amount of enol, enough for the coloured reaction to take place. The introduction of 
branched radicals into x-position and, to a somewhat smaller extent, Into y-position is 
thus seen to hinder the formation of the chelated salt. It is of importance to note, that 
this does not depend on the total enol content. In interpreting these results Henecka 
regards keto-enols that give no colour reaction with ferric chloride as trans-enols and 
it Is necessary to conclude, that in these substances the formation of cis-enol with a 
planar six-ring hydrogen bonded cycle is hindered Spectroscopic investigations 
carried out by Shigorin™-*. substantiate that these z-alkvlacetoacetic esters can only 
trans-enolise 

We have studied the effect of the solvent on the keto-enol equilibrium in several «- 


> 


substituted esters of this series. the results obtained being listed in Table 3 


ENOL CONTENT IN &-SUBSTITUTED ACETOACETIC ESTERS (PER CENT) 


ICHCOOC 


H 67 
CH,OH 


CH,OH C.H.OH C,H, 


R 


H. Henecka Chemie der [)-dicarbonylverbindungen 122. Springer-Ver ag (1950) 
“ D. N. Shigorin Zh. Phys. Khim. SSSR 23, 505 (1949) 

” D. N. Shigorin Jbid. 24, 924, 932 (1950) 
* D. N. Shigorin and A. P. Sholdinov /Jhid. 24, 954 (1950) 
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R CH 19 3-0 4-2 5-6 
R iso-C,H 26 3-0 1-6 
R n-C,H 3-4 4:3 5-4 6-2 
sec.-C,H, 10-5 10-6 10-6 10-8 
R=H 20 11-4 18-3 
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As seen from Fig. 4, by plotting / against Kg the straight lines pass above the 
origin. The equilibrium of these keto-enols is thus represented by equation (4). From 
the data obtained one calculates the cis-enol content in the enolic fraction of the keto- 
enol. 

100 


cis-enol (per cent) 


1 
the results calculated being given in Table 4. 

One can also propose another way to calculate cis-trans-enolic equilibrium. One 
has first to determine the equilibrium constants for k In two 
selected solvents for three groups of substances: (a) “‘cis-fixed”’ enols (b) “‘trans-fixed”’ 


enols and (c) keto-enols under investigation. Then one finds from the data for the 


CH COCH-COOC H CH .COCHCOOCT 


two former groups the values of C, and C, constants in equations (2) and 
consider “*trans-fixed”’ enols to be ne alculates for the keto-enols in 


question the cis- i -Irom rauio as 


Hs, 
Hs 


with 10 In Fig. 5 are plotted PDK against 7 rs keto-enols of the 
first group where S, = 67 per cent CH,OH and S, ‘nce and 
x 10 

The results calculated using this method are to be found in parentheses in Table 4. 


It will be seen. that the keto-enols which are sterically hindered do ntain much 


of the trans-enolic form and the most hindered secondary butyl acetoacetate contains 


very little of the cis-form. As was to be expected the relative cis-trans ratio is strongly 


dependent on the solvent used 


| 
| 
j 
| 
| 
iny ) i—R C,H 
R H 
C,H,, C,H,. IV—R C,H., V ry—C,H,. VI—R H 
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TABI 4 NOL CONTEN HE END PRA ) Hi SLRS 
HM 
CH,COCHCOOC.H 
CH,OH C.H.OH 
H CH,OH 
R CH 0-177 0-005 16-6 74-8 
(4 2) 
R CH 0-201 0-015 25-1 63-4 50 
(23-4) S0) 
0-050 0-026 130 19-9 
4-1) 
K 0O-15¢ 0-033 10-6 26-9 179 $1-5 
(52-6) 
R sec.-C,H, 0-019 0-4 1-3 
0-4) 


By making use of this method, we have also determined the cis-enol content in the 


enol fraction of ethyl formylphenylacetate in chloroform, benzene, ether and hexane 


n these solvents a linear relationship between K 7, and 


4 


As seen g 
f (points 3, 4, 5 and 6). The intersect &, is characteristic of the presence of the trans- 


form. Points | and 2 on the plot, referring to methanol and ethanol do not obey the 


general relationship, in agreement with findings of Wislicenus® that ethyl formyl- 
phenylacetate forms hemuiacetals in alcoholic solutions 
In Table 5 are presented the values of total enol content and cis-enol content in the 


enol fraction 


** W. Wislicenus Liebigs Ann. 413, 21 (1917) 
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TABLE 5. Cis-ENOL CONTENT IN THE ENOL FRACTION OF ETHYL 
FORMYLPHENYL ACETATE 7253, € 


, 1-208) (PER CENT) 


Cis-enol content 
in the enol- 


Total enol 
Solvent 


content 
fraction 


Chloroform 
Benzene 
Ether 
Hexane 


CONCLUSIONS 


(1) The principal regularities of the protolytic acid-base equilibrium have been 


shown to be applicable to the tautomeric equilibrium of a complex system, i 
ketonic and cis-trans-enolic forms 

(2) A general equation Krg = &F é, for the tautomeric ketonic-cis-trans- 
enolic equilibrium constant in different solvents has been derived, the well known 
Meyer's equation being included in it as a particular case 


(3) A method of quantitat 


nvolving 


ve determination of cis- and trans-enol content in 
solutions has been proposed and exemplified on «-substituted acetoacetates and ethyl 
formylphenylacetate 
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ALKALOID STUDIES—XIX* 


ALKALOIDS OF SOME HAWAIIAN RAUWOLFIA SPECIES: 


THE STRUCTURE OF SANDWICINE AND ITS INTERCONVERSION 
WITH AJMALINE AND AJMALIDINI 
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Rauwolfia degeneri Sherff® roots, collected on the Island of Oahu. yielded four 
known alkaloids—ajmaline (1),*:*° tetraphyllicine (I1)," tetraphylline and 
serpentinine™ 12__and it is striking to note that the same alkaloids were also encountered 


in the West Indian Rauwolfia tetraphylia L.- The co-occurrence of these four alka- 
loids is of definite biogenetic significance since it has already Been pointed out that 


a precursor of tetraphyllicine (II) 1s probably responsible for the origin of the 


ne (III) type as is already implied 
lormulae 
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C-methyl and one 


N-methyl group and the absence of methoxyl functions. The 
basicity of sandwicine (pA, 8-5) is the same as that of aymaline and its rotation is 


strongly positive (Table |) as is that of aymaline and related alkaloids, in contrast 


to that of most other Rauwolfia alkaloid types 


Taste |. MOLECULAR ROTATIONS IN THE SANDWICINE AND AJMALINE SERIES 


CHC! 
CH,OH 
CH,OH 
CH,OH 
CH¢ 
CH,OH 
CH,OH 
CH,OH 


\iM]p [M]p (alkaloid) — [M]p (corresponding derivative) 
[he presence of at least one hydroxyl group in sandwicine was demonstrated by 


infrared bands at 5-78 and 


hih 


acetylation to an amorphous acetate, which exhibited 


8-1 « typical of alcoholic acetates. Quantitative microhydrogenation with a platinum 


oxide catalyst resulted—just as with aymaline—in the uptake of 3 moles of hydrogen, 


thus excluding the presence of an ethylidene function as is found in tetraphyllicine 


(11) 11,13 
lhe above data strongly suggest a close structural similarity to ajmaline and this 
could be supported further by the following reactions. The presence of a carbinol 
amine moiety (as in ajmaline (1)) was shown by the fact that sandwicine could be 
reduced with sodium borohydride™ to crystalline dihydrosandwicine (( oo HogNoO,), 
the shift in molecular rotation (Table 1) being of the same order as observed in the 
ajmaline —> dihydroajmaline transformation.” Furthermore, when sandwicine was 
boiled with methanolic potassium hydroxide, it was transformed into an isomer 


isosandwicine—with identical ultraviolet, but slightly different infrared spectrum 


The very considerable change in the rotation, however, was again comparable 
(Table 1) to that observed in the ajmaline —> isoajmaline reaction” which is known 
to involve simply epimerization at C-20 

rhe spectroscopic and chemical data cited so far present unequivocal evidence for 
the presence of an N-methyldihydroindole nucleus as well as a structural unit encom- 
passed by C-18, 19, 20, 21 and N-4 of ajmaline (1). The most cogent experiment for 


the attachment of the hydroxyl bearing C-17 carbon atom of ajmaline (I) to the 


f-position (C-7) of the dihydroindole nucleus is the lead tetra-acetate oxidation®.”” 
of desoxyajmaline (IV) to the aldehyde (V) which now contains an indole ring. 


4S. Bose J. Indian Chem. Soc. 32, 450 (1955). 
1 R. Robinson Chem. (Rev.) Ind., 285 (1955). 
1% F. A. L. Anet, D. Chakravarti, R. Robinson and E. Schlittler J. Chem. Soc. 1242 (1954). 
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It was not possible to prepare the requisite desoxysandwicine since the conditions 


of the Robinson desoxyajmaline synthesis—pyrolysis of dihydroajmaline hydro- 


bromide—proved too strenuous when applied to dihydrosandwicine hydrobromide, 
the substance decomposing before reaching the desired temperature. Lead tetra- 
acetate oxidation of ajmaline itself leads to a mixture, probably due to concurrent 


attack of the carbinol amine system, but it has been shown'®:* that dihydroajmaline 


(VI) readily undergoes this reaction to yield an indolic hydroxy aldehyde (similar to V) 
which spontaneously cyclizes to the hemi-acetal (VII). When this oxidation was 
carried out with dihydrosandwicine, the identical hemiacetal ( VII) (I ig. 2) was obtained 
as evidenced by mixture melting point determination as well as comparison of the 
infrared and ultraviolet absorption spectra, X-ray diffraction patterns and rotations 
It is pertinent to note that the rotation shifts on oxidation from a positive value 
typical of the Rauwolfia dihydroindole alkaloids to a negative value characteristic 
of the Rauwolfia indole alkaloids. Since the only asymmetric center involved in the 
above oxidation is C-17, dihydroajmaline and dihydrosandwicine differ only at C-17 
Sandwicine can, therefore, be named 17-epiajmaline although it is appreciated that 
isomerism at C-21 has not been excluded rigorously 

Dihydrosandwicine (VI) proved to be identical with tetrahydroajmalidine which 


was obtained? by sodium borohydride reduction of ajmalidine (VIII).‘ This 
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establishes the skeletal structure of ajmalidine as |7-dehydroajmaline (VIII) as had 


been proposed earlier 'S on circumstantial evidence 


EXPERIMENTAI 


Isolation of alkaloids from Rauwolfia sandwicensis A.D The oven dried (44°) 


roots§ (1098 g) were ground in a Wiley mill to pass a | mm screen and extracted by 
*W bt to Prof. R. B. Woodward of Harvard versity 
Dr. S. P W Ss 
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heating under reflux three times for 18 hr each, with methanol. The combined 
methanolic extracts were evaporated in vacuo to yield 95 g of brown solid. This 
residue was dissolved in 700 cm* of methanol, and 200 cm* of glacial acetic acid, 
followed by 1100 cm® of water, were added. Filtration through Celite and thorough 
extraction with hexane removed non-alkaloidal contaminants. The aqueous acid 


absorptivity 


o 

2 


1 
B—Pb(OAc) 
solution was extracted with twelve 300 cm’ portions of benzene followed by chloro- 
form and these extracts—containing the weakly basic alkaloids—were washed 
separately with 5 per cent ammonium hydroxide, dried and evaporated to yield 
respectively 6-0 g (benzene) and 8-0 g (chloroform) of solids 
The acidic solution was cooled in ice, ammonium hydroxide was added until 
pH 7 was reached and the medium strength bases (11-9 ¢) were extracted with 
chloroform. Finally the aqueous layer was made strongly alkaline (pH 11) with 
sodium hydroxide and extracted with chloroform to afford 6-0 g of strong bases 
Chromatography of the benzene-soluble acetate fraction on alumina did not 
provide any crystalline material. The chloroform-soluble acetates upon crystallization 


gave colorless crystals (0-04 per cent based on dry root) with a double m p. 125° and 
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220-222". These were identified as tetraphylline by mixture melting point 
determination as well as comparison of the X-ray diffraction patterns and infrared 
and ultraviolet spectra with those of an authentic specimen. ( hromatography of the 
mother liquors on alumina led only to oils. 

rhe medium strength bases, isolated at pH 7, were dissolved in benzene-chloro- 
form (1: 1) and chromatographed on 700 g of alumina which had been deactivated 
by the addition of 21 cm* of 10 per cent aqueous acetic acid. Elution with the same 
solvent mixture yielded 12 mg of colorless crystals, m.p. 269-272°, raised to 274-275 
upon further recrystallization. The ultraviolet absorption spectrum (A°" 248 and 
292 mu, log « 4-01 and 3-58) was ty pical of a dihydroindole and the infrared spectrum 
(KBr pellet) was virtually identical with that of tetraphyilicine (1). Further purifica- 
tion was precluded by lack of material but it is likely that this substance was impure 
tetraphyllicine. Anal. Caled. for C.g>H,,N.O: C, 77-88; H, 7-84. Found: C. 77-19: 
H, 8-11 

Further elution with benzene-chloroform (1 : 3) yielded 40 mg of sandwicene ine, 
m.p. 253-257 [he analytical sample was obtained from methanol \ hereupon it 
exhibited m.p. 260-262°, [=], 56° (CH,OH), 2=“°" 246 and 290 mu. log ¢ 3-82 and 
3-35. The infrared spectrum (nujol mull) was similar but not identical with that of 


isoaymaline** (m.p. 264-265°) and the mixture melting point was depressed by over 


6 No material was available for further work o1 duplicate analyses. Anal. Caled 
for C,gH,»N,O.CH,OH: C, 73-59; H, 8-03; N, 8-58; O, 9-80: methoxyl. 9-50 
Found: C, 73-35; H, 8-27; N, 8-94; O, 9-76: methoxyl. 9-25: after redrying at 


7) 


90° in vacuo, 0-73 

Further elution of this chromatogram with chloroform—methanol (99 |) afforded 
l-O g of sandwicine, the purification of which is discussed below 

rhe strongly basic alkaloid fraction was chromatographed on 400 g of deactivated 
alumina and elution with chloroform—methanol (99; 1) yielded 50mg of yellow 
solid, melting partially at 152-155° and the remainder near 260 Recrystallization 
from methanol afforded serpentinine, m p. 265-270° (dec.) identified by infrared. 
ultraviolet and X-ray comparisons with an authentic sample. The mother liquor 
material could not be crystallized but the infrared spectrum strongly indicated that it 
consisted chiefly ol serpentine 

Isolation of alkaloids from Rauwolfia mauiensis Sherff. From 422¢ of root 
material* there was obtained 249 g of dried powder and 25 g of methanol extract 
When processed in the manner outlined above there was encountered (a) 0-15 g of 
benzene-soluble acetates, (b) 0-60 g of chloroform-soluble acetates, (c) 6°03 g of 
medium bases (pH 7 extractable) and (d) 0-10 g of strong bases. ( hromatography 
of fractions (a), (b) and (d) did not yield any crystalline material 

The pH 7 bases were chromatographed on 400¢ of acetic acid-deactivated 
alumina. Elution with benzene-chloroform (1:1) gave 30 mg of mauiensine, m.p 
235-240", raised to 240-242° after recrystallization from acetone, [x] eo 184°, 
1038° (CH,OH),t and 291 mu. log e 3-92 and 3-35. The infrared 
spectrum was typical of the ajmaline group of alkaloids and exhibited a characteristic 
band at 6°13 ~ in a potassium pellet. Sufficient material for only one analysis was 


* Collected by Dr. Harold St. John in the Hana district of East Maui near Kanaio at 1900 ft elevation 


in barren lava 
+ Measured on a Rudolph spectropolarimeter with a xenon lamp 


‘ 


The structure of sandwicine and its interconversion with ajmaline and ajmalidine 335 


available. Anal. Caled. for CypH.,NoO: C, 77-38; H, 8-44; N, 9-03; N—CHg, 
4-84. Found: C, 77-16; H, 8-04; N, 8-59; N—CHg, 6°58. 

Additional elution with the same solvent pair furnished 11 mg of ftetraphyllicine, 
m.p. 305-306" after recrystallization from acetone, and identified by direct comparison 
with an authentic specimen." 

Further development of the chromatogram with chloroform and chloroform 
methanol (99 : 1) yielded 0-78 g of sandwicine containing a bright yellow impurity. 
This crude product was subjected to a seven stage countercurrent distribution with 
each funnel containing 50 cm’ each of chloroform (stationary phase) and citrate- 
phosphate buffer of pH 6°75. Combination of the contents of the first two funnels 
and crystallization from methanol gave 25 mg of serpentinine, m.p. 265-270" (dec.), 
identified with an authentic specimen. From the center funnels, 0-43 g of colorless 
sandwicine (see below) was obtained 

Isolation of alkaloids from Rauwolfia degeneri Sherff. Methanol extraction of 
6350 g of fresh roots* (2550 g after drying) gave 319g of methanol extract which 
was divided into 50 g of weak bases, 60 g of medium strength bases and 8 g of strong 
bases. Chromatography of the medium bases in the above described manner afforded 
in order of increasing polarity 45 mg of tetraphyllicine (11), m.p. 308-310", 255 mg of 
tetraphylline (A11)* m.p. 223-225°, 0-96 g of serpentinine, m.p. 260° (dec.) and 0-60 g 
of ajmaline (1), m.p. 158°. Identity was established in each instance by mixture melting 
point determination and infrared comparison with authentic samples 

Sandwicine. The alkaloid was obtained in a gelatinous form from both R. sand- 
wicensis and R. mauiensis and could not be crystallized. It was best purified by 
dissolving in acetone and precipitating from a hot solution by the gradual addition 
of hexane. Countercurrent distribution (24 tubes) between chloroform and citrate- 


phosphate buffer (pH 6°73) on a sample of sandwicine from R. sandwicensis yielded 


just as described above for R. mauiensis—a small amount of serpentinine from tubes 
| and 2. The contents of tubes 12-20 were pooled and redistributed into 24 fractions 


using the same system but no additional separation was encountered and the alkaloid 


behaved like a single entity with the following solvent systems in paper chromato- 
grams: (a) m-butanol—water—acetic acid (4:5: 1); (b) ethyl acetate—pyridine—water 
(7:2:1); (c) ethyl methyl ketone—I per cent methanol saturated with water; 
(d) benzene-formamide. Sandwicine was identified by spraying with p-dimethylamino- 
benzaldehyde (blue color developing slowly on heating) or Dragendorff’s reagent 
The amorphous alkaloid exhibited [] 171° (CH,OH) 180° (CHCI.) and its 
ultraviolet (A™°" 246 and 292 mu, log e 3-91 and 3-46) absorption spectrum was 


typical of a dihydroindole. The infrared spectra (nujol mull) of sandwicine and 
ajmaline (I) are reproduced in Fig. | inal. Caled. for CogH.,.No.O.: C, 73-59; 
H, 8-03; N, 8-58; O, 9-80; C—CHhg, 4:60; mol. wt. 326. Found: C, 72-87; H, 8-22; 
N, 9-08; O, 10-54; C—CHsg, 3-48; mol. wt. (potentiometric titration), 322; pK’a 
(66 per cent DMF), 8-5 


Acetylation of sandwicine with acetic anhydride—pyridine (24 hr at 25°) yielded 

an amorphous acetate with strong infrared alcoholic acetate absorption (4)... /3 5-78 
and 81 


* Collected on the ridge east of the central Makaleha valley, Mokulcia, Waianae Mountains, Island of 


Oahu, 1400 ft elevation The two tre from which the roots were taken were identified by Dr. Harold 


St. John 


An additional 1-0 ¢ of tetraphylline was secured from the weakly basic fraction 


. 
2 i 
> 


M. Gorman, N. Neuss, C. Deprassi, J. P. Kurney and P. J. Scueuer 


Sandwicine dihydroiodide was prepared by dissolving 50 mg of sandwicine 


10 cm’ of boiling acetone and adding | cm’ of 48 per cent hydrowdic acid. Crvst: 
liz illo commenced mmed itely and aller concentrating to one-half the orig nal 
volu ine solmnviOn Wi chilled and the crystals collected The uviical san 
was ned recrvsta ano irom acctone iron met! hvydroiod cid 
m.p. 238-240", [x], — 84° (CH,OH), pK," 8.5 (66 per cent dimethyl forman 
nitial pH 2°65). The d and i sp dihvd 


\ 
p be dif t of i inal. Caled. { 


sand | a c ack W | a 
cel ce cd cect d H a nd d 
cad hde wa ved by a atc 
was cVaDp ated to dryness in rocw Addition of ler ved by decolor mon 
with Nort, basification with ammonium hydroxide. extraction with chi 
ind recrvstallization from benzene-—met! ene ¢ ce ed 20 
of the hemi-acetal (VII). Its physical constants, m.p. 215-217", [a] 32° (chloro 


form), 4, 226 and 283 my, log 4-46 and 3-80 (Fig. 2), / 75( NH), 2-95 (¢ 


ty 
inal. Caled. for 41-25; H, 485; N, 481; I, 43-58: mol 
5 0): SO N, 4-44; |, 43-3 wt., ¢ potent 
concent cd drox acid 13 (CH.OH T Caled 
for oO 15; H >; N O, &0 N—CH 
E 02° (CHC) d 28% ) 
- 
io C, 72°91; H, 885; N, 8-55 \ d by Miss Ann \ 
Camp, I & 
it dex ed d Med | to « 
: 41°25: H, 485. Found: CC, 40-53: H, 4-89 
fea Lead tetra-acetate oxidation of dihydrosan ine. A solution of 25 me of dihydro- 


The structure of sandwicine and its interconversion with aymaline and ajmalidine 


authentic sample (m.p 216 


6-13 and 9-3 uw (acetal). were identical wi 
from aimaline (1) under 


218 31°) of 
identical nditions and id itv was contirme on 


pat terns 
wun borohydride reduction of ajmalidine to dihydrosandwicine (V1) 
Ammalidine 10 mg* in 3 cm” of ethanol wa cated W odiu 
at tas ratie iA f water i< extractior 
pce 
} 7 
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Chemistry of the sydnones —III* 
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case the impurity is removed by reduction, in the latter by adsorption. The purified hydrazone 


does not give a crimson colour on dissolving in alkali, but the solutions become pink on standing 


he general character of the coloured substance suggests that it is an azo compound with an acid, 
Many such compounds amo a , a simple mple being pheny!- 

th strong 
risatior#r indger some 


is 


n both alkaline 


is evidently 


USO- 


ukall arotys an $$ tt ond is undoubdted small 


The 4-h *n shown to undergo breakdown at th 4 link much 


more readily ough here the simultaneous produc 


1Or uline and sodium nitrite remains to 
be explained 
The reactions of 3 phenylsydnone recorded above a 


furnish example s of the fission of the sydnone ring 


that acid hydrolysis, alkalin wdrolysis ar 


are all effectis ning th hara sydnone 


attack diflerent part i \ n and i he break-down reactions are almost quanti- 


tative. It can, therefore the sydnone ru t a particularly stable structure, compared 
with the benzene or pyridin ws which are entirely una ted by most hydrolytic reagents and do 
not readily undergo reductive fission This being so, it is appropriate comment on statements 
in the literature such as * the sydnones are thus compounds exhibiting aromatic characteristics 
“The svydnones must be garded as possessing a sing! iyvbrid structure of aromatic * and 
the known fi yne chemistry indicate i he five-membered ring has aromatic 
properties and la considerable delocalisation 1¢ electrons occurs*”’ t is clear that 


the authors of itement regard “ar ’ as necessarily connoting a ring-structure 


stable against attack by chen 


EXPERIMENTAI 


(a) Resinifi m Oj dnon sodium acetate 


of crysta 
a small 


reaction. The 


resin soluble in concentrat 


(b) Resinification of 3-phenylsydnone with 0-1 N sodium horate 


The svdnone (0-186 g) was mixed with the sodium borate solution (25 ml) and heated to boiling 


Rapid darkening and evolution of gas took place, with separation of a dark oil similar to that obtained 


with sodium acetate 


(c) Effect of phenol on the resinification 


The sydnone (0-212 g), 0-1 N sodium borate (25 ml) and | per cent phenol solution (2 ml) were 


boiled under reflux for 30 min. The solution remained clear and pale yellow. On cooling and titrating 
with 0-1 N hydrochloric acid (methyl orange indicator), 24-95 ml were required, showing that no 
nitroso-acid had been formed. From the solution, on cooling, unchanged sydnone (0-11 g) crystallised 


out in almost white needles, m.p. 135 


5 W. Baker. W. D. Ollis and V. D. Poole J. Chem. Soc., 1542 (1950). 
®* W. J. Orville Thomas Chem. and Ind., 533 (1955). 
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conditions, of lyOxylic acid phenyinya azone to phenytazoacetic acid, C 
oh ge eae quite probable and this substance would be expected to form highly coloured salts (=! : 
and strongly acid solutior 
pee: Under kaline conditions there a small amount of hydrolytic fission of 3 pheny!- 
svdnone at the 4 bond giving sod as one prod ct When a reducing agent S present 
. the other fragment from the fissiotr to pheny lrazine, which reacts with the sodium 
ely let nul ted in vield into sodium N-nit 
tion under a variety of experimental conditions 
r-structure. The different reagents 
ical reagents 
. The svdnone (2 ¢) in water (150 ml) was boiled in a distilling flask while a 10 per cent solution 
lline sodium acetate (10 ml) was added drop Dy drop Gu 15 min The distillate contained 
yunt of vellow oil which hardened on standing and did not give the Lieber nn nitroso y 
sulphuric acid with a greenish-brown colou! 
go 
fy 
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(d) Decomposition of N-nitrosoanilinoacetic acid in boiling aqueous solution 


Water (50 ml) and the acid (1-0 g) were boiled under reflux for 10 min. The steam-volatile product 


was distilled off and found to give the Liebermann nitroso reaction. The red, sticky tar remaining 
in the distilling flask did not give the Liebermann reaction, but dissolved in concentrated sulphuric 


acid with a crimson colour 


(e) Alkaline reduction of 3-phenylsydnone 


The sydnone (0-162 g) was mixed with 0-5 N sodium hydroxide (100 ml) and zinc dust (0-2 g) 


and heated to boiling for 23 min, the volatile products being continuously collected in | per cent 


boric acid (25 ml). During the heating the solution acquired a crimson colour which subsequently 
disappeared. Titration of the boric acid with 0-1 N hydrochloric acid required 0-9 ml, corresponding 
to 9 per cent of the calculated possible yield of ammonia. The residual colourless solution was 
filtered from excess of zinc dust and exposed to air when it became strongly pink Acidification 
with dilute acetic acid changed the colour to yellow, but on making alkaline again the pink colour 


was restored. Addition of hydrochloric or nitric acid gave a pink colour, irreversibly discharged 

on warming. Addition of magnesium sulphate to the alkaline solution gave an intensely coloured 

precipitate which was filtered off, y ielding a colourless filtrate In other larger experime nts unsuccessful 
: 


attempts were made t late the substance responsible for the pink colour. The highly coloured 
magnesium lake was gelatinous; after repeated washing and drying in air it gave a dull brownish-red 


mass, one sample of which was found to yield 53-7 per cent of magnesium oxide on ignition 


(f) Preparation and purification of elyoxylic acid phenylhydrazone 
Dichloroacetic acid (2 g), phenylhydrazine hydrochloride (3-2 g) and sodium hydroxide (3-2 g) 
were dissoly iter (20 ml) and boiled under reflux for | hi On cooling and acidifying 


with hydrochloric acid an oil was p ecipitated which soon solidified. Recrystallisation from aqueous 


alcohol gave 1-42 g of the phenylhydrazone melting at 135-139° which dissolved in alkali to an 
intensely crimson solution 

The crude product (1-0 g) was dissolved in 2 N sodium hydroxide (5 ml) and water (10 ml), zinc 
dust (1-0 g) being added. After boiling for 10 min tl lution was cooled, filtered and acidified 


with r ilo cid > precipitated ihydrazone after washing and drying (0-6 ¢) melted 
pink colo ‘ 

ved in 2 N sodium hydroxide (10 ml) 

added After boul ng for 

tated by acid The product (0°35 g) 


ved in alk ili 
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Reduction of ketenes with lithium aluminium hydride—I. Diphenylketene 


(Received 3 June 


WuHiLt yi ketene dimers hav } ‘ ! t hium al nium hydride to the corresponding 


i+} } 


ketoc . th ction Dety free ketenes and the complex metal hydride, to our knowledge, 


has not 

Lithium a niu ydride attacks diphenylketene (1) by « 2-addition mechanism affording the 
complex Il, which upon hydroly "ives diphenylacetaldehyde (1V) in 93 pet t yield, probably via 
the intermediate enol Ill ven! 1¢ presence of more than 0-25 mole of lithium aluminium hydride 


er 
= 
. 
j 
oh meited at 141° and did not give an immediate pink colour whe fF 
The assistance afforded to this work by a grant from Leverhu| 
Norwich City College and Art School 1. E ARI 
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per mole of ketene (e.g. with a 200 per cent excess), the reduction of I stops at the aldehyde (enol) 
stage, and no difference in yield was observed. However, the isolated diphenylacetaldehyde (IV) is 


readily further reduced with the same agent to the corresponding alcohol, diphenylethanol (V). 
rhe existence of the complex Il has been demonstrated by converting it, upon addition of acetyl 
chloride, to the enol acetate of diphenylacetaldehyde (VI), in 95 per cent yield 


H r H 
0-25 LiAIH, H,O | 
(C,H,),.c- C—O > (C,H), C—C—OM - >» 


(a) CH,COCI 


LiAI (b) H,O 
M 4 
(CH,),CH 
(C,H,), -OCOCH IV 
vi 


0-25 LiAIH, 


(C,H,),CH CH,OH 
V 


The reduction of other ketenes with lithium aluminium hydride is now being investigated as well as 


the possibility of obtaining «-substituted aldehydes or vinyl compounds by reaction of intermediate 


complexes of type II with various agents, such as halogens, alkyl halides, alcohols 


EXPERIMENTAL* 


Reagents. Diphenylketene (1) was prepared in 73 per cent vield from diphenylchloroacety] 


tloride by means of zinc, according to the method of Staudinger Stock solutions of lithium 
aluminium hydride in anhydrous diethyl ether were prepared* and the hydride content determined 
iocdometrically 

Reduction procedure All reductions were carried out in the usual way, by adding dropwise a 
solution of the substance to be reduced in anhydrous diethyl ether to an ethereal solution of lithium 
iluminium hydride, at such a rate as to maintain gentle boiling of the solvent. After the addition had 
been completed, stirring was continued until the reaction mixture had cooled to room temperature 
The reduction complexes were then carefully hydrolysed with water (ice cooling) and the inorganic 
precipit ite dissolved in 10 per cent sulphuric acid The reduction products were extracted with ether, 
the ethereal layer washed with 4 per cent aqueous sodium carbonate solution and with water, and 
the residue, after drying and evaporation of the solvent, was either distilled under reduced pressure 


ised 


or recrysta 


Reduction of diphenylketene (1). Diphenylketene (11-2 g, 0058 mole) in 50 cm* of ether and 78 
cm® of lithium aluminium hydride solution (containing 0-0145 mole 10 per cent excess of hydride) 
gave 10-6 g (93-1 per cent) of diphenylacetald hyde (1V), b.p. 178-180 12-5 mm.* Semicarbazone, 
m.p. 158-160" oxime, m.p. 111° ;* 2:4-dinitrophenylhydrazone, m.p. 144 145 

The same reduction with a 200 per cent excess of hydride afforded diphenylacetaldehyde in 92-5 


per cent yield 


* All melting points are uncorrected 
This procedure n our hands appeared to be superior to the one described in Org. S theses Coll 
Vol. 3. p. 356 (1955) 


J. Amer. Chem. Soc. 73, 2390 (1951) 
\. S. Spriggs, ¢ M. Hill and G. W. Senter J. Amer. Chem. Soc. 74, 1555 (1952) 
H. Staudinger Ber. Dtsch. Chem. Ges. 38, 1735 (1905) 

*W.G. Brown Ore. React. 6, 470 (1951) 
H. Felkin Bull. Soc. Chim. France 347 (1951) 

* A. Béhal and M. Sommelet C. R. Acad. Sci., Paris 138, 91 (1904) 

’ E. P. Kohler and N. L. Drake J. Amer. Chem. Soc. 45, 1281 (1923) 

"P. I ipp Liebigs Ann 449, 26 (1926) 

'T. A. Favorskaya and L. A. Remizova J. Gen. Chem. (U.S.S.R.) 23, 817 (1953) 
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Reduction of diphenylketene (1) with addition of acetyl chloride, Diphenylketene (8-0 g, 0-041 mole) 
in 50 cm* of ether was added to 54 cm® of an ethereal solution of lithium aluminium hydride (con- 


taining 0-01 mole 10 per cent excess of hydride), and the resulting complex was treated dropwise 
with 3-6 g (0-041 mole 10 per cent excess) of acetyl chloride in 10 cm® of anhydrous ether. The 


reaction mixture turned yellow and a granular precipitate separated. After heating 30 min to boiling, 


the reaction product was hydrolysed and worked up as described above to yield 9-25 g (94-7 per cent) 


of the enol acetate of diphenylacetaldehyde (V1), m p. 58 (from dilute ethanol) (Found : C, 80-60; 
H. 5-98. C,.H,,O, requires C, 80°65; H, 5-92 per cent) 

The same enol acetate (m.p. 58°) was obtained in 78-2 per cent yield (9:5 g) by heating 11-8 ¢g 
(0-051 mole) of diphenylacetaldehyde with 8 cm* (0-081 mole) of acetic anhydride and 1-4 g (0-017 
mole) of anhydrous sodium acetate for | hr at 160-165 pouring the cooled mixture into water and 


extracting the oily layer with ether 4 mixture of both enol acetates gave no de pression in melting 


poimni 

Reduction of diphenvlacetaldehyde (AV) Diphenylacetaldel yde (60 0-031 mole) in 50 cm'’of 
cther was reduced with 45 cm’ of lithium aluminium hvdride s tion-(containing 0-OO8 mole 10 per 
cent excess of hyd! de) to produce 5 5 g (97-5 per cent) of liphenvlethanol (V) b.p. 178-180°/13 mm 
m.p. 59-61 (from petroleum ether). Benzoate, m.p. 90 
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PRELIMINARY COMMUNICATION 


Evidence for cyclohexyne as an intermediate in the coupling of phenyllithium with 
1-chloroc yclohexene* 


(Received 23 July 1957) 


ELIMINATION- ADDITION mechanisms involving “‘benzyne’’-type (C,H,) intermediates have been 
established for the rearrangements which occur in the amination of non-activated aryl halides,' 
high temperature alkaline hydrolysis of aryl halides* and the coupling of phenyllithium with aryl 
halides. Wi tig and Harboth* have reported small yields of 1-phenylcyclohexene from the coupling 


of phenyllithium with I-chlorocyc/ohexene and it appeared possible that this reaction might well 


proceed by way of cyc/ohexyne as an intermediate Of interest in this connection is the report by 


Favorsky and Boshowsky® that a cyclohyexne trimer (dodecahydrotriphenylene) is formed in the 


reaction of 1,2-dibromocyc/ohexene with sodium 


We have studied the conversion of cyclohexanone-2-"C+ to 1-phenyleyclohexene by way of 
1,1-dichlorocyclohexane and 1-chlorocyc/ohexene. If all of the reaction were to proceed by inter 
mediary formation of cyclohexyne (and kinetic isotope effects were absent) then 25 per cent of the 
resulting 1-phenylcyclohexene would be expected to have the “C-label at the 1I-position This 
with phosphorus penta- 
chloride should yield 1,1-dichlorocyclohexane-2-""C without re angement Dehydrohalogenation 


be at the 2- ; sitions. Coupling 


prediction is based on the following considerations. cycloHexanone-2-'*€ 


would then yield a | 1 mixture of 1-chlorocyc/ohexene la 


of this mixture with phet thium by any non-rearranging reaction such as formulated earlier* 
would lead to | phenylcyc/ohexene labeled at the 2- and 6 positions without formation of |-phenyl- 


cyclohexene-1-“C. On the other hand, if the phenyllithium were to effect an elimination of hydrogen 


O 
Celts 


* Supported in part the Petroleum Research Fund administered by the American Chemical Society 


s hereby made to the Donors of the Fund 
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BOOK REVIEWS 


Edited by Georce L. CLark, Gessner G. HAWLey, and WILLIAM A. 


The Encyclopedia of Chemistry 
1037 pp., $19.50, £7. 16s 


Hamor, Reinhold Publishing Corporation New York 1957. xvi 


Tuts large volume contains somewhat over eight hundred short articles contributed by more than five 


sts and a scientists. Some of these men are particularly distinguished in the fields 
for example E. W. R. Steacie on Free Radicals, C. P. Smyth on Dipole 


on Reaction Ra J. E. Hildebrand on Solubility, and G. T Seaborg on 


{ ention just a few at random. The articles vary from a short paragraph to 
ll have cross-references but unfortunately no bibliography. 


ty the standard is very uneven and there are 


yhest qual 
ms Alkaloids are dismissed in a page and a half of 
while glycols are spread over two and a half pages. 
juinoline is not mentioned and pyridine receives a few 
length of which is three-quarters of a page 

1 Saponification. The different contributors 

) as their example yet, in spite of copious 

On the whole Organic Chemistry is particularly 
les 1 odd omissions in other fields. The essay 
yn Brénsted, Lowry, or Lewis, or the concepts 
re listed (surely it would be better to include 
nes ?), and the selection is strange, for example 
ble feature is the inclusion of brief biographies of 
tter, also included are E. G. Acheson, H. H 

iil Fisher, and G. N. Lewis are not! It would be 
ge omissions but sufficient has been said to 
il board including chemists from all the 
inything like an even coverage of the vast 
-varded as a failure, it does contain 

1d some masterly condensations of 


rbett). The printing is excellent, there are 
ire good 


J. M. TEDDER 


\RTMI a ow es: Valency and Molecular Structure. Butterworths Scientific 
is, London pp 


This book is written by chemists for chemists,” and a study of 
most useful text. The subject matter is 

tomic Structure discusses the experimental 

lication to isolated atoms. The application of the 

Part Il on the Quantum Theory of Valency; the 

ind molecular orbital methods are discussed, and both are 

ncy. Part III describing the Application of the Principles of 

ost ilf the text, and contains ¢ hapters on recent work concerning 


bonding uctures of some simple inorganic compounds, complex compounds, 


and elect I 
The at i \ rtainly justified their prefatory remark—the honours student in chemistry 


will find the text of con able assistance and the postgraduate will find the discussions of recent 


work in Part III stimulat 
The Authors and Publishers are to be congratulated on the production of a most interesting text 


which should appeal to a wide circle of chemists. The subject matter is well illustrated with tables and 


diagrams 
H. STEPHEN 
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j Publid 
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Copenhagen on 10 October. Pending the appointment of a 
new Executive Editor for the United States, American contri- 
butors are asked to direct manuscripts to the Joint Chairman 
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